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WELLBORE CASING 
Cross Reference To Related Applications 

This application claim* the benefit of the fifing date of U.S. Provisional 
Patent Application Serial Number 60/111,203, attorney docket number 25791.3, 
filed on 12/7/1998, the disclosure of which is incorporated herein by reference. 
Background of the Invention 
This invention relates generally to weDbore casings, and in particular to 
weUbqre casings that are formed using expandable tubing. 

Conv ention ally, when a weHbare is created, a number of casings are 
5 installed in the borehole to prevent coDapee <rf the borehole wall and to prevent 
undesked outflow of drilling fluid into tte 

formation into the borehole. The borehole is drilled in intervals whereby a casing 

which is to be installed inalower borehole interval is lowered thr<^ 

installed casing of an upper borehole interval As a consequence of this procedure 

10 the casing of the lower interval is of smaller diameter than the casing of the upper 
interval Thus, the casings are in a nested arrangement with casing diameters 
decreasing in downward direction. Cement annuh are parovided between the outer 
surfaces of the casings and the borehole waU to seal the casings riom the borehole 
walL As a consequence of this nested arrangement a relativery large borehole 

15 diameter is required at the upper part of the wellbore. Such a large borehole 
diameter involves increased coats due to heavy caair^ handling equipm^ 1^ 
drill bits and i nc r eased volumes of driffing fluid and driD cuttings Moreover, 
increased drilling rig time is involved due to required cement pumping, cement 
hardening, required equipment changes due to large variations in hole diameters 
20 drilled in the course of the well, and the large volume of cuttings drilled and 
removed. 

Hie present invention is directed to overcoming one or more of the 
limitations of the existing procedures for forming new sections of casing in a 
weDbore. 

25 Summary of the Invention 

According to one aspect of the present invention, a method of forming a 
wellbore casing is provided that i^ 



fax the borehole, u^ectingfluidic material into the borehole) and radially expanding 
the liner in the borehole by extruding the liner off of the mandrel 

According to another aspect of the present invention, a method of forming 
a weUbore casing is provided that includes drilling oat a new section of the 
5 borehole adjacent to ttealreaify 

then placed into the new section of the borebc>te with the tubular liners 
an already existing casing- A hardenable fluidic sealing material is injected into 
an ftnnnUr region between the tubular liner and the new section of the borehole. 
The flT""iiflr region between the tubular liner and the new section of the borehole 
10 is then fluidicly isolated from an interior region of the tubular liner below the 
mandrel A non hardenable fhridk material is then injected into the interior 
region of the tubular liner below thetnandreL The tubular h ner is extruded off of 
the mandrel. The overlap between the tubular liner and the already existing 
casing is sealed. The tubular liner is supported by overlap with the already 
15 existing casing. The mandrel is removed from the borehole. The integrity of the 
seal of the overlap between the tubular liner and the already existing casing is 
tested. At least a portion of the second quantity of the hardenable fluidic sealing 
material is removed from the interior of the tabular liner. The remaining portions 
of the fluidic hardenable fluidic sealing inateriai are cured. At least a portion of 
20 cured fluidic hardenable re eling material within the tubular liner is removed- 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, a 
mandrel, a tubular member, and a shoe. The suprxnt member includes a firstfluid 
passage. The mandrel is coupled to the support member and includes a second 
26 fluid passage. Tbeturjularmeml^ The shoe is coupled 

to the tubular liner and includes a third fluid passage. The first, second and third 
fluid passages are operabry coupled. 

According to another aspect of the present invention, an apparatus for 
ex panding a tubular member is provided that includes a support memb er, an 
30 expandable mandrel, a tubular 

The support member inelun^ a first fruid pass 

flow control valve coupled to the first and second fluid passages, The expandable 
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miiiHlrel is coupled to th« The 
tubular mamber is coupled to the mandrel and includes one or more sealing 
elements. The shoe is coupled to the tubular member and inchidea a fourth fluid 
passage. The at least one sealing member is adapted to prevent the entry of 
5 foreign material into an interior region of the tubular member. 

According to another aspect of the present invention, a method of joining 
a second tubular member to a first tabular member, the first tubular member 
having an inner diameter greater than an crater diameter oi the ee^ 
member, ia provided that i n cludes positioning a mandrel within an interior region 
10 of the second tubular member. A portion of an interior region of the second 
tabular member fcpiwsso* 

the mandrel into engagement with the first tubular member. 

According to another aspect of the present invention, a tubular liner is 
provided that includes an annular member having one or more BeaHng member s 
15 at an end portion of the annular xnember^ 
at an end portion of the annular member. 

According to another aspect of the present invention, a welBwre casing is 
provided that includes a tubular liner and an annular body of a cured fhiidk 
sealing material. The tubular liner is formed by the process of extruding the 
20 tubular liner off of a mandreL 

According to another aspect of the present invention, a tie-back liner for 
lining an existing weHbore casmgii provided that ind^^ 
annular body of cured fhrirtir sealing material. The tabular liner is formed bythe 
process of extruding the tubular Knar off of a mandreL The annular body of a 
25 cured fluidk sealing material is emmled to the tahiilv lmer^ 

According to another aspect of the present invention, an apparatus for 
expanding a tabular member is provided that includes a support member, a 
mandrel, a tubular member and a shoe. The support member includes a firet fluid 
passage. The mandrel is coupled to the support member. The mandrel includes 
30 a second fluid passage operahfy coupled to the first fluid passage, an interior 
portion, and an exterior portion, The interior portion of the inandrel U driUable. 
Thatabularmemberiseotmlrf The shoo is coined to the tabular 
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member. The shoe includes a third fluid passage operahfr coupled to the second 
fluid passage, an interior portion, and an exterior portion. The interior portion of 
theshoeisdrillable. 
Brief Description of the Drawings 
5 FIG. 1 is a fragmentary cross-sectional view illustrating the drilling of a new 

section of a well borehole. 

FIG. 2 is a fragmentary cross-sectional view illustrating the placement of an 
embodiment of an apparatus for creating a casing within the new section of the 
well borehole. 

10 FIG. 3 is a fragmentary cross-sectional view illustrating the injection of a 
first quantity of a hardenable fluidk sealing material into the new section of the 
weU borehole. 

FIG, 3a is another fragmentary cros^sectionnl view illustrating the injection 
of a first quantity of a hardenable fluid ie sealing material into the new section of 
15 the well borehole. 

FIG. 4 is a fragmentary cross-sectional view illustrating the injection of a 
second quantity of a hardenable fluidk sealing material into the new section of the 
well borehole. 

FIG. 5 is a fragmentary cross-sectional view illustrating the drilling out of 
20 a portion of the cured hardenable fluidic sealing material from the new section of 
the well borehole. 

FIG. 6 is a cross-sectional view of an embodiment of the overlapping joint 
between adjacent tubular members. 

FIG. 7 is a fragmentary cross-sectional view of a preferred embodiment of 
25 the apparatus for creating a casing within a weU borehole. 

FIG. 8 is a fragmentary cross-sectional illustration of the placement of an 
expanded tubular member within another tubular member. 

FIG. 9 is a cross-sectional illustration of a preferred embodiment of an 
apparatus for forming a casing including a drillable mandrel and shoe. 
30 FIG. 9a 1b another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9b is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9c is another cross-sectional illustration of the apparatus of FIG. 9. 
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FIG. 10a is a crow sectional ahatration of * weUbore tnrfmEn c „ 0 f 
adjacent overlapping; casings. 

FIG. 10b is a cross-sectional Jhtatratimi pfm apparatus and method for 
creating a tie-back liner using an expandable tabular member. 
5 FIG. 10c is a croaa-eectirmtl illustration of the pumping of a ftiM™ ,-..1;.^ 
material into the annular region between the tabular member and the eri^ 



FIG. lOd is acroaa-sectionalutturtrati^ interior 
of the tabular member below the mandreL 
10 ^G. lOe is a oroaweetkmal fltaatrat^ 
member off of the mandrel 

FIG. 10f is a cross-sectional ffluatratd^ 
out the shoe and packer. 

FIG. lOg is a croas-aectkmal illnstration of the completed tie-back liner 
15 created using an expandihle tubular member. 

FIG. 11a is a fragmentary cross-eectio^ 
new section of a well borehole. 

FIG. lib is a fragmentary erorrn KK^onal view Uhiatrating the placementof 
an ernbodimeirtofan apparatus for harigm^ 
20 of the well borehole. 

FIG 11c is a fragmentary cross-sectional v^ 
afn^ quantity ofar^rdanablennldirRPwTfT^ 
well borehole. 

FIG. lid is a fragmentary cross-sectional view fflustrating the introduction 
25 of a wiper dart into the new eectkra of the well borehole. 

FIG. lie is a fragmentary crown wortional view fflustrating the injection of 
a second quantity of a hardenahle flnfHfo sealing materiel into the new section of 
the well borehole. 

FIG, llf is a fragmentary ansa sectional view fflustrating the completion 
30 of the tabular liner. 
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Detailed Description of the IDnstrmtive Embodiments 
An apparatus and method for fanning a wellbore casing within a 
subterranean formation is provided. The apparatus and method permits a 
wellbore casing to be formed in a subterranean formation by placing a tubular 

5 member and a mandrel in a new section of a wellbore, and then extruding the 
tubular member off of the mandrel by pressurising an interior portion of the 
tubular member Hie apparatus and met hod further permits flfo»™»nfc tubular 
members in the wellbore to be joined using an overiappingjoint that prevents fluid 
and or gas passage. The apparatus and method further permits a new tubular 

10 member to be supported by an existing tubular member by expanding the new 
tubular member into engagement with the existing tubular member. The 
apparatus and method further wifniwij*** the reduction in the hole size of the 
wellbo re casing necessitated by the addition of new sections of wellbore casing. 
An apparatus and method for forming a tie-back liner using an expandable 

15 tubular member is also provided. The apparatus and method permits a tie-back 
liner to be created by extruding a tubular member off of a mandrel by pressurizing 
and interior portion of the tubular member. In this manner, a tie-back liner is 
produced. The apparatus and method further permits adjacent tubular members 
in the weBbore to be joined using an overlapping joint that prevents fluid and/or 

20 gas passage. The apparatus and method further permits a new tubular member 
to be supported by an existing tubular member by T^flfag the new tubular 
member into engagement with the existing tubular member. 

An apparatus and method for expanding a tubular member is also provided 
that includes an expandable tubular member, mandrel and a shoe. In a preferred 

25 embodiment, the interior portions rf the apparatus is eomposed of materiaJs that 
permit the interior portions to be removed using a c»nventional drilling apparatus. 
In this manner, in the event of a malfunction in a downhok regkm, the apparatus 
may be easily removed. 

An appfiTTtflg and mftbHI f *r ^""p^g ATi p^prnHfthle tubular liner in a 

30 wellbore is also provided. The apparatus and method permit a tubular liner to be 
attached to an existing section of casing. The apparatus and method further have 
application to the joining of tubular members in general. 
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Referring irtttialfr to Pigs. 1-5, an embodiment of an apparatus ™«»rtwwi 
for forming a weflbare casing within a subterranean formation will now be 
described. AsfltastatedmRfr l,awelu^ 

formation 105. The wellbora 100 includes an existing cased section 110 having a 
5 tabular easing 115 and an annular outer layer of cement 120. 

In order to extend the weQbore 100 into the subterranean formation 105, 
a drill string 125 is used in a well known manner to drill out material &am the 
subterranean formation 105 to form anew section 130. 

As illustrated in Kg. 2, an apparatus 200 forformmgawellborecasmgin 
10 BsubteTraneanfoniiafiottiathm 

100. The apparatus 200 preferably incmdes ™ ^r^wt-Ky mnnrirrl nrpigSOG. a 
tubular member 210, a shoe 215, a lower cup seal 220, an upoer cup seal 225. a 
fluid passage 230, a ftaH passaged, a£taMi>assage240,seaJs245.andasupi)ort 
member 250. 

15 The expandable mandrel 205 is coupled to and supported by the support 

member250. The expandable mandrel 205 is preferably adapted to controllabr/ 
expend in a radial direction. The expandable mandrel 205 may compriae any 
number of conventional commercially svaHabl© expandable mandrels modified in 
* ccordflnce "it* t»» teachmga of the present disclosure. In a preferred 
20 emhortrmpnt, the nrpandflhle mandrel 205 comnriaea nbvrbmHr**^™™ ng 
disclosed in Patent No. 6,848,095, the contents of which are incorporated 
herein by reference, modified in accordance with the teachings of the present 
disclosure. 

The tubular meniber 210 is supported by the expand The 
25 tubular member 210 is expanded in the radial direction and extruded off of the 
erpandabte mandrel 205. The tubular member 210 may be fabricated from any 
number of conventional ©Mnmerdslry avmlabte m 

Oilfield Country Tubular Goods (OCTG), IS chroinhun steel tubmgeasing, or 
plastic tubing/casing. In a preferred embodiment, the tubular member 210 is 
80 feluicatodfromOCTGmordertoinaxhniM The inner 

and outer diameters of the tubular member 210 may range, for example, from 
appna±nately0.75to47 inches and 1.05to48i^ In a preferred 
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embodiment, the inner and outer diamataraofthetubularinezDber 210 range &om 
about 3 to 15 -6 inches and 35 to 16 inches respectively in order to optimally 
provide minimal telescoping effect in the most commonly drilled wellbore sizes. 
The tubular member 210 preferably comprises a solid member. 
5 In a preferred embodiment, the end portion 260 of the tubular member 2 10 
is slotted, perforated, or otherwise modified to catch or slow down the mandrel 205 
when it completes the extrusion of tubular member 210. In a pr e fe rred 
embodiment, the length of the tubular member 210 is limited to minimize the 
possibility of budding. For typical tabular member 210 materials, the length of 
10 the tubular member 210 is preferably limited to between about 40 to 20,000 feet 
in length. 

The shoe 215 is coupled to the expandable mandrel 205 and the tubular 
member 210. The shoe 215 includes fluid passage 240. The shoe 215 may 
comprise any number of conventional commercially available shoes such as, for 

15 example, Super Seal II float shoe, Super Seal II Down-Jet float shoe or a guide shoe 
with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 215 
comprises an ahimintxm down-jet guide shoe with a sealing sleeve for a latch-down 
phig available from Halliburton Energy Services in Dallas, TX, m o di fi ed in 

20 accordance with the tatrhingn of the present disclosure, in order to optimally guide 
the tubular member 210 in the wellbore, optimally provide an adequate seal 
between the interior and exterior diameters of the overlapping joint between the 
tubular members, and to optimally allow the complete drill out of the shoe and 
phig after the completion of the cementing and expansion operations. 

25 In a preferred embodiment, the shoe 215 includes one or more through and 
side outlet ports in fluidic communication with the fluid passage 240. In this 
manner, the shoe 215 optimally injects hardenable ftuidic seaUngmaterislSnto the 
region outside the shoe 215 and tubular member 210. In a preferred embo diment, 
the shoe 215 includes the fluid passage 240 having an inlet geometry that can 

30 receive a dart and/or a ball sealing member. In this manner, the fluid passage 240 
can be optimally sealed oflTbyintro 
into the flirid passage 280. 



The lower cup seal 220 is coupled to and supported the support number 
250. The tower cud seal 220 prevent* foreign n*t*r;*u f^m mteringtho interior 
region of the tubular member 210 adjacent to the expandable mandrel 2 05. The 
lower cap seal 220 may comprise any number of conventional commercial^ 
6 available cap aeals such as, for example, TP cups, or Selective Injection Packer 
(SEP) cups modified in accordance with the teachings of the present disclosure . In 
a preferred embodiment, the lower cup seal 220 compriaeaaSIP cup seal, av ai lable 
flromHaffibintamEke^ 
material and contain a body of lub rican t 
10 Tfceupper cup seal 225 is coupled to and ttpportedl^ the support member 

250. The upper cup seal 225 prsventafare^ 

regkm of the tubular member 210, The upper cap seal 225 may comprise any 
number of conventional commercial^ available cup seals soch as, fbr example, TP 
cups or SIP cups modified hi accordance with the t™**™.^ of the present 
16 disclosure. In a preferred embodiment, the upper cup seel 225 comprises a SIP 
oip, available frcmiHall^ 

block the entry of foreign materials and contain a body of hihricant. 

The fluid passage 230 permits fluidic materials to be transported to and 
from the interior region of the tubular member 21Q below the expandable r^nrtret 
20 205. The fluid passage 230 is coupled to and positioned within the support 
member 250 and the expandable mandrel 206. The fluid passage 230 preferably 
extends from a position adjacent to the surface to the bottom of the expandable 
mandre!205. The fluid passage 230 is prefe^ 
the apparatus 200. 
26 The OuM passage 230 is prefer^ 

operation, to transport materials such as drffling mud or fcrmslion fluids at flow 
rates and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 
psi in order to minimize drag on the tabular member being run ami fen minimise 
surge pressures earertiri on the wd 
30 and lead to hole collapse. 

Thefluidpassage235permit8lhiM^ 
passage 230. In this manner, during placement of the apparatus 200 within the 
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new section ISO of the weUbore 100, fluid* materials 256 forced tip the fluid 
passage 230 can be released into the wellbore 100 above the tubular member 210 
thereby minimizing 130. The fluid passage 

235 is coupled to and positioned within the support member 250. The fluid 
5 passage is further fluidity coupled to the fluid passage 230. 

The fluid passage 235 preferably includes a control valve for controUably 
opening and closing the fluid passage 235. In a preferred embodiment, the control 
valve is pressure activated in order to contrdlably mi nimliy surge pressures. The 
fluid passage 235 is preferably positioned substantially arthogcmal to the centerline 

10 of the apparatus 200. 

The fluid passage 235 is preferably selected to convey fluidic materials at 
flow rates and pressures ranging from about 0 to 3,000 gaDoxis/minute and 0 to 
9,000 psi in order to reduce the drag on the apparatus 200 during insertion into 
the new section 130 of the wellbore 100 and to minimise surge pressures on the 

15 new wellbore section 130. 

He fluid passage 240 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 210 and shoe 215. The fluid 
passage 240 is coupled to and positioned within the shoe 215 in fluidic 
communication with the interior region of the tubular member 210 below the 

20 expandable mandrel 205. The fluid passage 240 preferably has a cross-sectional 
shape that permits aphig, or other similar device, to be placed in fluid passage 240 
to thereby block further passage of fluidic materials. In this manner, the interior 
region of the tubular member 210 below the expandable mandrel 205 can be 
fluidicly isolated from the region exterior to the tubular member 2 10. This permits 

25 the interior region of the tubular member 210 below the expandable mandrel 205 
to be pressurized. The fluid passage 240 is preferably positioned substa ntiall y 
along the centerline of the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 

30 to 3,000 gallonslminute and 0 to 9,000 psi in order to optimally fill the annular 
region between the tubular member 210 and the new section 
100 with fluidic materials. In a p r efer red embodiment, the fluid passage 240 

.10- 



includes an inlet geometry that can receive a dart and/or a ball sealing member. 
In this manner, the fluid passage 240 can be saaledcffl^ introducing a phi& dart 
and/or hall sealing elements into the fluid passage 230. 

The seals 246 are coupled to and supported by an end portion 260 of the 
5 tubular member 210. The sesls 245 are further position^ 
of the end portion 260 of the tubular member 210. He seals 246 permit the 
overlapping joint between the end portion 270 of the casing 115 and the portion 
26X)oftb* tubular member 210 to be flui^ The seals 246 may comprise 

any number of conventional rommerriaLy available seals such as, for example, 
10 lead, robber, Teflon, or epoxy seals modified m accordance with the t»»»HT iEn of 
the preeeut disclosure. InapreiWredenuxxhment > theastds245aremo^ 
Stratalock epoxy available from HaDib^ 

to optimally provide a load bearing interference fit between the end 260 of the 
tubular member 210 and the end 270 of the existing casing 116 
16 In apreferred embodiment, the seals 246 are eelected to op thnauy provide 

a sufficient factional force to suimort the expanded tubular member210 from 
existing casing 115. In a preferred embodiment, the frictional force optimally 
provided by the seals 245 ranges from about 1,000 to 1,000.000 Ibf in order to 
optimally support the expanded tubular member 210. 
20 The support member 250 iscnm^totl» i^iw<.^t ? ^ M ^i2os |tub ^ 

member 210, shoe 216, and seals 220 and 225. The support member 250 
preferably comprises an annular member havmg sufficient strength to carry the 
apparatus 200 into the new section 130 of the weflbore 100. In a preferred 
embodmient, the support iwniber 250 m 
25 centrahzera (not Ilmstrated) to help stabilise the apparatus 200. 

In a preferred embodiment, a quantity of lubricant 276 is provided in the 
annular region above the expandable mandrel 206 within the interior of the 
tubular member 210. In t his manner , the extrusion of the tubular member 210 off 
ofthe expand^le inanarel 205 is The hihricant275 may comprise any 

SO number of conventional conunercially available lubricants snch nn for example, 
Lubriplate,chlorme based 

(3100). In a preferred emoodiment, the lubricant 276 comprises Climax 1500 
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Antisieze (3100) available from Climax T aibricants and Bqniptnent Co. in Houston, 
TX in older to optimally provide optimum lubrication to fatiliate the expansion 
process. 

In a preferred embodiment, the support member 250 ia thoroughly cleaned 
5 prior to assembly to the remaining portions ofthe apparatus 200. In this manner, 
the introduction of foreign material into the apparatus 200 is minimized. This 
mnumirefl thft possibility of foreign mfttf"* 1 <^o^ngtKevHrtmi^flQwpftxMg>^aT%H 
valves of the apparatus 200. 

In a preferred embodiment, before or after positioning the apparatus 200 
10 vfithmtbenawcectkmlSOcfthe w 

circulated in order to ensure that no foreign materials are located within the 
weflbcre 100 that might clog up the various flow passages and valves of the 
apparatus 200 and to ensure that no foreign material interferes with the expansion 
process* 

15 As illustrated in Fig. 3, the fluid passage 285 is then dosed and a hardenable 

fluidic sealing material 305 is then pumped from a surface location into the fluid 
passage 230. The material 305 then passes from the fluid passage 230 into the 
interior region 310 of the tubular member 2 10 below the expandable mandrel 205. 
The material 305 then passes from the interior region 310 into the fluid passage 

20 240. The material 305 then exits the apparatus 200 and fills the annular region 
315 between the exterior of the tubular member 210 and the interior wall of the 
new section 130 of the weUbore 100. Continued pumping of the material 305 
causes the material 305 to fill up at least a portion of the annular region 315. 

The material 305 is preferably pumped into the annular region 315 at 

25 pressures and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 
1,500 gallons/mm, respectively. The optimum flow rate and operating pressures 
vary as a function of the casing and wellbore sires, weflbore section len gt h , 
available pumping equipment, and fluid properties of the fluidic material being 
p umped Hie optimum flow rate and operating pressure are preferably determined 

30 using conventional empirical methods. 

The hardenable fkridk sealing material 305 may comprise any number of 
conventional commercially available hardenable flnidic sealing materials such as, 
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for e i mnplc, slag* mix, cement or epoxy. In a preferred embodiment, the 
hardenahle flmdic sealing material 305 r^^pn^ a blended cement prepared 
apeefficalty for the i»rtku^ 
Services in Dallas, TX in order to 
5 while also Tnafntoinhigoptimam flow characteristics so as to minimize difficulties 
during the displacemen t of cement in the aimnlarregim 315. The optimum blend 
of the blended cement is preferably determined using conventional empirical 
methods. 

The annular region 315 preferably is filled with the material 305 in 
10 sufficient Quantities to 

210, the annular regkm816 of the newsee^ 
with materia] 305. 

In a particularly preferred embodimmt,, as illustrated in Fig, 3a, the wall 

thickness and/or the outer diameter of the tabular 
16 region acescent to the mandrel 205 m 

apparatus 200 in positions in the wellbra with tight Rirthermore, in 

this manner, the initiation of the radial expansion of the tubular member 2 10 

during the extrusion process is optimally facilitated. 

Aa illustrated in Fig. 4, once the annular region 316 has been adequately 
20 filled with material 806, a phig 405, » 

fluid passage 240 thereby fluidicjy isolating the interior region 310 from the 

annular region 316. LiapreieriedembodimBa^ a ncm~b»*HfmiiM» fluidic ™f»terial 

306 is then pumped into the interior region 310 causing the interior region to 

pressurise. In this manner, the interior of the «n?andedtulmlarmember2l0wiU 
25 not contain rfgnMrnnt ■morion ^cured material 305. This reduces and simplifies 

the cost ofthe entire process. Alternative^, the materials 

this phase of the process. 

Cmce the interior region 310 beamier 

member 210 is extruded off of the expandable mandrel 205. During the extrusion 
30 process, the expaiulabte mandrel 206 n^ 

the tabular member 210. In a preferred embodiment, during the extrusion 

process the maBd^ 206 is raised 
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member 210 is mw^mAm^ m order to keep the tubular member 210 stationary 
relate to the iieww^ore section 130. In an alternative preferred embodiment, 
the extrusion process is commenced with the tubular member 210 positioned above 
the bottom of the new weObore section 130, keeping the mandrel 205 stationary, 
5 and allowing the tabular member 210 to extrude off of the mandrel 205 and fall 
down the new wellbore section 130 under the force of gravity. 

The plug 405 is preferably placed into the fluid passage 240 by introducing 
the plug 405 into the fluid passage 230 at a surface location in a conventional 
manner . The plug 405 preferably acts to fhndicjy isolate the hardenable fluidic 
10 fcmHriff Tnfltf^* 1 805 the non fbiHic material Sflfi- 

The plug 405 may comprise any number of conventional commercially 
available devices fcxm pluggingafhikl passage such as, for example.Multiple Stage 
Cementer (MSQ latch-down phig, Omega latch-down plug or three-wiper latch- 
down plug modified in accordance with the teachings of the present disclosure. In 
15 a preferred embodiment, the plug 405 comprises a MS C latch-down plug available 
from Halliburton Energy Services in Dallas, XX. 

After placement of the plug 405 in the fluid passage 240 , a non hardenable 
fluidic material 306 is preferably pumped into the interior region 3 10 at pressures 
and flow rates ranging, for example, from approximately 400 to 10,000 psi and 30 
20 to 4,000 gallons/mm. In this manner, the amount of hardenable fluidic sealing 
material within the interior 310 of the tubular member 2 10 is mmimltfd In a 
preferred embodiment, after placement of the plug 405 in the fluid passage 240, 
the non hardenable material 306 is preferably pumped into the interior region 310 
at pressures and flow rates ranging from approximately 500 to 9,000 psi and 40 to 
25 3,000 gal1fff?fifr n * T * fa A«ter t« maxnnixe tha extrusion speed. 

In a preferred embodiment, the apparatus 200 is adapted to nunimite 
tensile, burst, and friction effects upon the tubular member 210 during the 
expansion process. These effects will be depend upon the geometry of the 
expansion mandrel 205, the material composition of the tubular member 210 and 
30 expansion mandrel 205, the inner diameter of the tubular member 210. the wall 
thickness of the tubular member 210,^ 

of the tubular member 210. In general, tha thicker the watt thickness, the smaller 
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the inner diameter, and tfae greater tbejiddrtmjgthrfthe tubular member 210. 
then the greater tbeoperatmgpresauresrequ^ 
210 off of the mandrel 205. 

For typical tabular members 210, the extrusion of the tubular member 210 
5 offoftheesptiidabfeimmdrdwffl 
310 reaches, for example, approximate^ 600 to 9,000 peL 

During the extrusion process, the espaiidable inandW 205 nuy be raised 
out of the expanded portion of the tabular member 2 10 at rates ranging, for 
example, from abmrtOtoSrVeec. Inaixrefanxlembodm 
10 jirocess,theexpei 1 dtbkx a and^2 

tuDularnMeiiber210at rates rangm^frm^ 

the tmereq^ for the expansion process wh^ 
the expanaian process. 

When the end portion 260 of the tubals 
16 exjwdable mandrel 206, the outer surface 265 of the end portion 260 of the 
tubular niember 210 wul prefer 

portion 270 of the casing 115 to form an fhiid tight overlapping joint The contact 
prewure of the overlapping joint may range, for example, from approximately 50 
to 20,000 paL InapreWlembodm^theamt^ 
20 johtt ranges ikomepproxin^ 

pressure to activate the annular sealing members 246 and optimally provide 
resistant to axial rnotkm to acwmnnod s^ 

TheoverleppmgjomtbetweentiMB6ction410oftb«e 
thesaetion266oftheexi»aiuled tubular 
25 and fhrkhc seal h^P^tiimlariy preferred emb^ 

ciptinmlfr provide a flnkhc and gaseous seal in the overiapping join t 

ma preferred «nlx)Ojment > the opei^ 
hardr ns h l P fl,,idicmnt o i iaI306m«xmtrou^ 

mandrel 205 reaches the end portion 260 of the tubular ineniber 210. In this 
30 manwr, the sudden release of preasure caused 

tubular nvm^210off of the expandable nvmo^ Jna 
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preferred embodiment, the operating pressure is reduced in a substantial^ linear 

fashion from 100% to about 10% during the end of the extrusta 

when the mandrel 205 is within about 6 feet from completion of die extrusion 

process. 

5 Alternatively, or in combination, a shock absorber is provided in the support 

member 250 in order to absorb the shock caused by the sudden release of pressure. 
Hie shock absorber may comprise, for example, any conventional commercially 
available shock abeorber adapted for use in wellbore operation*. 

Alternatively, or in combination, a mandrel catching structure is provided 

10 in the end portion 260 of the tubular member 210 in order to catch or at least 
decelerate the mandrel 205. 

Once the extrusion process is completed, the expendable mandrel 206 is 
removed from the wellbore 100. In a preferred embodiment, either before or after 
the removal of the expandable mandrel 205, the integrity of the Ouidic seal of the 

15 overlapping joint between the upper portion 260 of the tabular member 210 and 
the lower portion 270 of the casing 115 is tested using conventional methods. 

If the Ouidic seal of the overlapping joint between the upper portion 260 of 
the tubular member 210 and the lower portion 270 of the casing 115 is satisfactory, 
then any nncured portion of the material 305 within the expanded tubular member 

20 2 10 is then removed in a conventional manner snch as, for example, rirrnlft ting the 
uncured material out of the interior of the expanded tubular member 210. The 
mandrel 205 is then pulled out of the wellbore section 130 and a drill bit or mill is 
used in combination with a conventional drilling assembly 505 to drill out any 
hardened material 305 within the tubular member 210. The material 305 within 

25 the annular region 316 is then allowed to cure. 

As illustrated in Pig. 5, preferably any remaining cured material 305 within 
the interior of the expanded tubular member 210 is then removed in a 
conventional t"^*™* 1 * using a conventional drill string 505. The resulting new 
section of casing 510 includes the expended tubular member 210 and an outer 

30 annular layer 515 of aired material 305. The bottom portion ofthe apparatus 200 
comprising the shoe 215 and dart 405 may then be removed by drilling out the 
shoe 215 and dart 405 usmg conventional drilling methods. 
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In a preferred embodiment, as illustrated in Fig. 6, the upper portion 2S0 
of the tabular member 210 in chi d es one or more sealing members 605 and one or 
more pressure relief hoie« 610. In this maimer, the overlapping joint between the 
lower portion 270 of the casing 116 and the upper portion 260 of the tubular 
5 member 210 is pressure-tight and the pressure on the interior and exterior 
surfaces of the tabular member 210 is equah^ during ^estiu^ process. 

In a preferred embodiment, the sealing members 605 are seated within 
recesses 615 formed in the outer surface 265 of the upper portion 260 of the 
tubular member 210. In an alternative preferred embodiment, the sealing 
10 members 605 ate bonded or molded onto theonteraurfsce265ofth« upper p ortion 
260 of the tabular member 210. The pressure relief bolea 610 are preferably 
positioned m the last few feet of the tubular member 210. The pressure relief 
holes reduce the aperafrngprnatures reo^iirad to eamanl^upper portion 260 of 
the tubular member 210. This reductkm m reqiin^ opera 
15 reduces the veloc% of the nuoodrel 205 upon the amptauou of the extrusion 
process. This reduction in vebcitY in turn minhnii-an th» Tn^Wi^i ffhf>rlt to thc 
entire apparatus 200 upon the completion of the extrusion process. 

Referring now to Fig. 7, a particularly preferred embodiment of an 
apparatus 700 for forming a easing within a waUbore preferably includes an 
20 expandable mandrel or pig 705, an expandable mandrel or pig container 710, a 
tubular member 715, a float shoe 720, a lower cup seal 725, an upper oro seal 730, 
a fluid passage 785, a IMd passage 740, asupport a body of lubricant 

750, an overshot connection 765, another support member 760, and a stabilizer 
765. 

26 The expandable mandrel 705 is coupled to and supported by the support 

xnember746. The expandable mandrel 706 is further coupled to the expmulable 
mandrel container 710. The exp a n d able mandrel 705 is preferably adapted to 
controDably expand in a radial direction. The expandable mandrel 705 may 
comprise any nunibtt of convm^ 

30 modmrimacecuuancewithtte In a preferred 

einbodiment, the expandable m 

substantially as disclosed in US. Pat. No. 6^48,095, the contents of which are 
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incorporated herein by reference, mrvfifteri fa accordance with the t**rh™£* of the 
present disclosure. 

The expandable mandrel container 710 is coupled to and supported by the 
support member 745. The expandable mandrel container 710 is further coupled 
5 to the expandable mandrel 705. The expandable mandrel container 710 may be 
constructed from any number of conventional commercially available materials 
such as, for example, Oilfield Country Tubular Goods, stainless sted,titaniiim or 
high strength steels. In a pr e f erre d embodiment, the expandable mandrel 
container 710 is fabricated from material having a greater strength than the 

10 material from which the tabular member 715 is fabricated. In this mannsr t the 
container 710 can be fabricated from a tubular material having a thinner wall 
thickness than the tubular member 210. This permits the container 710 to pass 
through tight clearances thereby facilitating its placement within the weHbore . 
In a preferred embodiment! once the expansion process begins, and the 

15 thicker, lower strength material of the tubular member 715 is expanded, the 
outside diameter of the tubular member 715 is greater than the outside diameter 
of the container 710. 

The tubular member 715 is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 is preferably expanded in the radial 

20 direction and extruded off of the expandable mandrel 705 substantially as 
described above with reference to Figs. 1-6. The tubular member 715 may be 
fabricated from any number of materials such as, for example, Oilfield Country 
Tubular Goods (OCTG), automotive grade steel or plastics. In a preferred 
embodiment, the tubular member 715 is fabricated from OCTG. 

25 In a pre f e r re d embodiment, the tubular member 715 has a substantially 

annular cross-section. In a particularly preferred embodiment, die tubular 
member 715 has a substantially circular annular crosfrsection. 

The tubular member 715 preferably includes an upper section 805, an 
intermediate section 810, and a lower section 815. The upper section 805 of the 

30 tubular member 715 preferably is defined by the region beginning in the vicinity 
of the mandrel container 710 and ending with the top section 820 of the tubular 
member 715. The intermediate section 810 of the tubular member 715 is 
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preferably defined by th» Tfytmi h^nnhng in t»w» x^nfry nffho *»p ?f the mandrel 
container 710 and ending with the region in the vicinity of the mandrel 705. The 
lower section of the tubular member 715 is preferably defined by the region 
beginning in the vicinity of the mandrel 706 and ending at the bottom 825 of the 
5 tubular member 715. 

In a preferred embodiment, tte 
the tubular member 715 Lb greater then the wall thicknesses of the intermediate 
and lower sections 810 and 815 of the tubular member 716 in order to <^itiiM% 
faeffiate the initiation 
10 700 to be iwrit to e d in location* in the weHbore having ti ^dea rancea. 

The outer diameter and wall thidmew of the upper section of the 
tubular niember 715 inaynm 

to 2 inches, respectively. In a preferred embodiment, the outer diameter and wall 
thickness of the upper section 805 of the tubnlarmeniber715 range from about3.5 

15 to 16 inches and 3/8 to L5 inches, respectively. 

The oiiter diameter and wall thickness of the intermediate section 810 of the 
tubular member 715 may range, for example, from about 2.5 to 50 inches and 1/16 
to 1-5 inches , respectively. In a preferred embodiment the outer diameter and 
wall t hfcknfuw of the intermediate section 810 of the tubular member 715 range 

20 from about 3.5 to 19 inches snd 1/8 to !L25 inches, respectively. 

The outer diameter and wall thickness of the lower section 815 of the 
tubular member 715 may range, for wcan^e, from aixrat 2^ to Winches and 1/16 
to 1.25 inches, respectively. In a preferred ■»mivw<4wr y > n t the outer ^irm ^ r pud 
wall t hic kn e ss of the lower section 810 of the tubular member 715 range from 

25 about 3.5 to 19 inches and 178 to 1.25 inches, respectively. In a particularly 
profaned embodiment , , the wall thickness of the lower aection fliK the tubulin* 
member 715 is further increased 

drillable materials such as, far example, atuminnm are oaed 

The tubular member 715 preferably compriaea a solid tubular inember. In 
SO a preferred embodiment , the end portion 820 ofttatubulaxmcmber 715 is slotted, 
perforated, or otherwise modified to catch or slow down the maaidrel 705 when it 
completes the extrusion of tubular member 715. In a preferred enibodiment, the 



-19- 



length of the tubular member 7 15 is limited t/> minimize tha possibility ^fl ntHri^ 
For typical tubular member 715 materials, the length of the tubular member 715 
is preferably limited to between about 40 to 20,000 feet in length. 

The shoe 720 is coupled to the expandable mandrel 705 and the tubular 
5 member 716. The shoe 720 includes the fluid passage 740. In a preferred 
embodiment, the shoe 720 further inchides an inlet passage 830, and one or more 
jet ports 835. In a particularity preferred embodiment, the crose-eecttonal shape 
of the inlet passage 830 is adapted to receive e latch-down dart, or other similar 
elements, for blocking the inlet passage 830. The interior of the shoe 720 
10 preferably i ncl udes a bocfry of solid material 840 for increasing the strength ofthe 
shoe 720. In a particularly preferred embodiment; the body of solid material 840 
comprises aluminum. 

The shoe 720 may comprise any number of conventional commercially 
available shoes such as, for example, Super Seal II Down-Jet float shoe, or guide 

15 shoe with a sealing sleeve for a latch down phig modified in accordance with the 
teachings of the present disclosure. In a p r efer red embodiment, the s hoe 720 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, IX, modified in 
accordance with the teachings ofthe present disclosure, in order to optimize 

20 guiding the tubular member 715 in t^ 

tabular member 71 k ^igHT>^w»ilh«mrtt«mg l and to optimally fadliate the 
removal of the shoo 720 by drilling it out after completion ofthe extrusion process. 

The lower cup seal 725 is coupled to and supported by the support member 
745. The lower cup seal 725 prevents foreign materials from entering the interior 

25 region of the tubular member 715 above the expandable mandrel 706. The lower 
cup seal 725 may comprise any number of con veutkm a 1 carom erdaBy available cup 
seals such as, for example, TP cops or Selective Injection Packer (SIP) cups 
modified in accordance with the teachings ofthe present disclosure. In a preferred 
embodiment, the lower cup seal 725 comprises a SIP cup, available from 

30 Halliburton Energy Services in Dallas, TX in order to optimally provide a debris 
barrier and hold a body of lubricant 
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The upper cup seal 730 is coupled to and supported by the support member 
760. Tne upper cup seal 730 prevents foreign materia 
region of the tubular member 715. The upper cup seal 730 may comprise amy 
number of conventional commercially available cup such as, for example, TP 
5 cups or Selective Injection Packer (SIP) cup modified in accordance with the 
taachingB of the present d^sctoeure. In a preferred embodiment, the upper cup seal 
730 comprises aSTP cap available fhnn Halliburton EiiergyServfcesmD 
to order to optmially provide a debris 

The fluid passage 735 permits fhudic materials to be transported to and 
10 from the interior region of the tubular member 7Ifi hnW th» ^.ki. rnimArr] 
706. The fhrid passage 735 is flnidWyeoup^ The Quid 

paaaage 755 is prefteab^ comilBd to 

760, the support member 745, the mandrel container 710, and the expandable 
inandrel 705. The fluid passage 735 preferably extends from a position adjacent 
15 to the surface to the bottom of the expandable mandrel 705. The fluid passage 735 
is preferably positioned along a centerline of the apparatus 700. The fluid passage 
735 is preferably selected to transport materials such so cement, drilling mud or 
epoxdea at Govt rates and pressures ranging from about 40 to 3,000 ^.n™ nftninntp 
and 500 to 9,000 psi in order to provide suffiiiei* operating pr 
20 the tubular member 716 off of the expandable mandrel 705. 

As d esc ri b ed above with reference to Hga. 1-6, during placement of the 
apparatus 700 within a new section of a welHxn^ fluldic materiabj forced m> toe 
fluid passage 735 can be released into the weDbore above the tubular member 716. 
In a preferred embodiment, the apparatus 700 further includes a pressure release 
25 passage that is coupled to and positioned within the support member 260. The 
pressure release passage is further flnid^ coupled to the fluid peaaage 735. The 
pressure release passage preferably includes a control valve for controllably 
opening and closing the fluid passage. In a preferred embodhnent, the control 
valve is pressure activaiedmorder to cm The 
JO pressure release passage is prefiarabby positioned su 

centerime of the apparatus 700. The pressure release passage is preferably 
selected to convey materials such as cement, diuTing mud or epories at flow rates 
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and pressures ranging from about 0 to 500 gaUona/minate and 0 to 1,000 pai in 
order to reduce the drag on the apparatus 700 during inaertinn into a new aection 
of a wellbore and to minimise surge pressures on the new wellbore section. 

The Quid passage 740 permits fhridk materials to be transported to and 
6 from the region exterior to the tubular member 715. Hie fluid passage 740 is 
preferably coupled to and positioned withmtte 

with the interior region of the tubular member 715 below the expandable mandrel 
705. The fluid passage 740 preferably has a cross-sectional shape that permits a 
ping, or other similar device, to be placed m the inlet 830 of the fhndp 

10 to thereby Mock further passage of fluidic materials. In this manner, the interior 
region of the tubular member 715 below the expandable mandrel 705 can be 
optimaUy fhudkry isolated from the region exterior to the tubular member 715. 
This permits the interior region of the tubular member 715 below the expandable 
mandrel 205 to be pressurized. 

15 The fluid passage 740 is preferably positioned substantially along the 

centerline of the apparatus 700. The fluid passage 740 is preferabry selected to 
convey materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gallons/minut© and 0 to 9>000 psi in order 
to optimalry fill an annular region between the tabular member 715 and a new 

20 section of a wullbare with fluidic materials. In a preferred embodiment, the fluid 
passage 740 includes an inlet passage 830 having a geometry thai can receive a 
dart and/or a ball sealing member. In this manner, the fluid passage 240 can be 
sealed off by mtroducmg a plug, dart and/or ball sealing elements into the fluid 
passage 230. 

25 In a preferred embodiment, the apparatus 700 further mchidea one or more 

seals 845 coupled to and supported by the end portion 820 of the tubular member 
715. The seals 845 axe further positioned on an outer surface of the end portion 
820 of the tubular member 715. The seals 845 permit the overlapping joint 
between an end portion of preexisting casing and the end portion 820 of the 

30 tubular member 715 to be fluidicrjr sealed. The seals 845 may comprise any 
number of conventional commercially available seals such as, for example , lead, 
rubber, Teflon, or epoxy seals modified in accordance with the teachings of the 
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present disclosure. Ia * pref erred embodiment, the seals 845 comprise seals 
mol d e d from StrataLock epoxy available from HaUflwrton Energy Services in 
Dallas, TX in order to optimally provide a hydranlic seal and a load bearing 
interference fit in the overlapping joint betwren the tubular member 715 and an 
5 existing casing with optimal load bearing capacity 
715. 

In apreferred^hodhTTen^the seals 845 are selected to provide a gu^nent 
fractional force to snpport the expended tabular member 715 from the existing 
casing. In a preferred wnbodlma nt, the frictiona! forc e pr^ 
10 ranges from shoot 1,000 to 1,000,000 Ihf in order to optimally support the 
expande d tubular member 715. 

The support member 746 Is preferably coupled to the expandable mandrel 
705 and the overshot connection 755. The support member 745 preferabry 
comprises an annular member having suffident stxength to carry the apparatus 
16 700mtoaiwwsectionofawei^^ 

number of conventional commercially available support members such as, for 
example, steel drill pipe, coiled tubmg or other high etr^ 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the support m^^ 
20 from various steel mills in the United States. 

Ia a preferred embodiment, a body of lubricant 750 ia provided in the 
annular region above the expandable mandrel rytn^tno^in^thin mf^p rf> f 
the tubular member 715. In th« manner, th* fnrtraffitm of the tubular member 715 
off of the expandable mandrel 705 is facilitated. The lubricant 705 may comprise 
25 any number of conventional commerciauy available lubricants such as, for 
*™nple, Lubriplate, chlorine based lubricants, oil baaed lubricants, or Climax 
1500 Antiaieze (3100). In a preferred embodiment, the mhricant 750 comprises 
Climax 1500 Antisieze (8100) available from HalKburtan Energy Services in 
Houston, TX in order to optimally provide fabrication to fadliate the extrusion 
30 process. 

The overshot connection 766 is coupled to the support member 745 and the 
support member 760. The overshot connection 76* prefer^ 



-23- 



member 745 to be removably coupled to the support member 760. The overshot 
connection 755 may comprise any number of conventional commercially available 
overshot connections such as, for example, Innerstring Sealing Adapter, 
Innerstring Flat-Face Sealing Adapter or EZ Drill Setting Tool Stinger. In a 
5 preferred embodiment^ the overshot connection 755 comprises a Innerstring 
Adapter with an Upper Guide available from Halliburton Energy Services in 
Dallas, TX. 

The support member 760 is preferably coupled to the overshot connection 
755 end a surface support structure (not flmstraled). The support member 760 

10 preferably compriees an *™***r member having sufficient strength to carry the 
apparatus 700 into a new section of a weHbore. The support member 760 may 
comprise any number of conventional coinmerdally available support members 
such as, for example, steel drill pipe, coiled tubing or c^herM 
modifiedmaccordaire In a preferred 

15 emb«Bxnent,thesupport 

from steel mills in the United States. 

The stabilizer 765 is preferably coupled to the support member 760. The 
stabilizer 766 also preferably stabilizes the components of the apparatus 700 
within the tubular member 715. The stabilizer 785 preferably comprises a 

20 spherical member having an outside diameter that is about 80 to 99% of the 
interior diamet er of the tubular member 715 in order to optimally minimize 
buckling of the tubular member 715, The stabilizer 765 may comprise any number 
of conventional commercially available stabilizers such as, for example, EZ Drill 
Star Guides, packer shoes or drag blocks modified in accordance with to 

25 of the present disclosure. In a preferred embodiment^ 

a seeling adapter upper guide available from Halliburton Energy Services in 
Dallas, IX 

In a preferred «mbocUmeni, the support members 745 and 760 are 
thoroughly deaned arte of the apparatus 

30 700* In this manner, the introduction of foreign material into the apparatus 700 
is mjmmtod This minimizes the possibility of foreign material dogging the 
various flow passages and valves of the apparatus 700. 
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In a preferred embodiment, before or after positioning the apparatus 700 
within a new section of a weDbore, a couple of weUbore volumes are circulated 
through the various flow passages of the apparatus 700 moider to ensure that no 
foreign material* arc located within the wtdlbore that might clog up the various 
6 flow passages and valves of the apparatus 700 and to ensure that no foreign 



In a preferred embodiment, the ^iparato 700 is operated substantially as 
described above with reference to Figs. 1-7 to form a new section of casing within 
a weDbore. 

10 Asiltastrstedmr1g,8.man alte ra^ 

and apparatus described herein is nsed to repair an existing weBbere casing 605 
by forming a tubular Knar 810 inside of the existing weUbore casing 80S. In a 
preferred embodiment, an outer annular lining of cement is not provided in the 
repaired section. In the alterna tiv e p i eferred embodiment; any number of fluidic 
16 materials can be iised to expand the tiurol» 

the damaged section of the weDbore casing loch as, for example, cement, epoxy, 
dag mix, or drilling mud. In the alternative preferred embodiment, sealing 
members 815 are preferably provided at both ends of the tubular member in order 
to optimally provide a fluidic seal In an alternative preferred embodiment, the 
20 tubular liner 810 is formed within a horitantellv poritifln.** m ^ 
as those usedtotranaport hydr oc ar bons or water, with the tubular hner810placed 
in an crverlapping relationship with tte iidjacent pipeline section. Inthismanner, 
underground pipelines can be repsired without hsving to cng out sn^ 
damaged sections. 

25 In another aKemativB preferred embodiment, the method and apparatus 
described herein is usedtodirecth'lm^ ia a 
P»dmred embodiment , anenteral 

the tubular mier810and the viellbore. In the alternative preferred embodiment, 
any number of fluidic materials can be uaed to expand the tubular lmer 810 mto 
30 mtmaatecmrtact with the we^ 
or drilling mud. 
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Referring now to Fig*. 9, 9«, 9b and 9c, a preferred embodiment of an 
apparatus 900 for forming a wellbore casing includes an expandable tubular 
member 902,asupportmemte 

908. In a preferred embodiment, the design and construction of the mandrel 906 
5 and shoe 908 permits easy removal of tinae ekmenta by drilling them cm t In ^ 
manner, the assembly 900 can be easily removed from a wellbore using a 
conventional drilling apparatus and corresponding drilling methods. 

The expendible tubular member 902 preferably includes an upper portion 
910, an intermediate pcntion 912 stk! a lower portion 914. During operation of the 

10 apparatus 900, the tubular me 

906 by pressurising an interior region 966 of the tubular member 902. The 
tubular member 902 preferably has m substantially annular cross-eectian. 

tn y particularly preferred embodiment, an expandable tabular member 915 
is coupled to the upper portion 9 10 of the expandable tubular member 902. During 

15 operation of the apparatus 900, the tubular member 915 is preferably extruded off 
of the mandrel 906 by pressurising the int^ of the tubular member 

902. Thetubularmember 915 preferably hasasubstantiaUy annular cross-Bection. 
In a preferred embodiment, the wall thickness of the tubular member 915 is 
greater the wall thickness of the tubular member 902, 

20 The tubular member 915 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy steels, titanium or stainless steels In a preferred embodiment, 
the tubular member 916 is fabricated from oilfield tabular* in order to optimally 
provide approximately the same mpchanirnt properties as the tubular member 902 . 

25 In a particularly preferred ein^ 

point ranging from about 40,000 to 135,000 psi in order to optimally provide 
approximately the same yield properties as the tubular member 902. The tubular 
memb er 915 may comprise a plurality of tubular members coupled end to end. 
In a preferred embodiment, the upper end portion of the tubular member 

30 916 includes one or more sealing members for optimally providing a ftuidic and/ox 
gaseous seal with an Anting section of wellbore casing. 



In a preferred embodiment, the combined length of the tabular members 
902 and 9 IB ere limited to minimise the poasfMKQr oflmckBpg. For typical tubular 
member material*, the combined length of the tubular members 902 and 915 are 
Kmited to between about 40 to 20,000 feet in length. 
5 The lower portion 914of the tabular member 90^ 
the shoe 908 by a threaded co^^ The intermediate portion 912 of the 

tubular member 902 preferably is placed in intimate eliding contact with the 
mandrel 906. 

•Hie tubular member 902 may be fabricated from any number of 
10 conventional commercially available materials audi as, for example, oilfield 
tubular* low alloy ateela,&aniumorgtainle»eteda. In a preferred embodiment, 
the tubular member 902 is fabricated from oilfield tabular* in order to optimally 
pitmteanproaina 

In a particularly preferred embodiment, the tubular member 902 haa aplasticyieM 
15 point ranging from about 40,000 to 136,000 pai in order to optimally provide 
approximately the aame yield properties as the tubular member 915. 

The wall thickness of the upper, intermediate, and lower portions, 910, 912 
and 914 of the tabular member for example, from about 1/16 to 1.6 

inches. In a preferred embodiment tliewaUthickneaa of the upper, inteTT"*rt«flfr 
20 and lower portiona, 910, 912 and 914 of th^ 

V8 to L2S in order tooptmialfr provide wall ^rVnm tVrt nrer ebmit the tmmc m 
the tubular member 915. In a preferred embodiment, the wall thickness of the 
tower portion 914 is less than or equal to the wall thickness of the upper portion 
910 in order to optimally provide a geometry that will fit into tight clearances 
25 downhoie. 

The outer diameterof theupper, intermediate, and lower portions, 910, 912 
and 914 of the tubular member 902 may range, for example, from about 1.06 to 48 
inches. In a preferred embc>dimHnt, the outer diameter of the upper, intermediate, 
and tower portions, 910, 912 and 914 of the tubular member 902 range from about 
30 3 to 19 inches in order to optimally provide the ability to expand the moat 
commonly used oihleid tubulam 
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The length of the tubular member 902 is preferably limited to between 
about 2 to 5 feet in order to optimally provide enough length to contain the 
mandrel 906 and a body of lubricant 

The tubular member 902 may comprise any number of conventional 

5 mmTn»T Yn»ny *v*flnhlp tubular members modified in accordance with the tparhings 
of the present disclosure. In a preferred embodiment, the tubular member 902 
comprises Oilfield Country Tubular Goods available from various UB . steel mills 
The tubular member 915 may comprise any number of conventional commercially 
available tubular members modified in accordance with the teachings of the 

10 pr- ff^t disclosure. Tin ft preferred rmW^^, faiKnkymmW qi k comprises 
Oilfield Country Tubular Goods available from various ILS. steel mills. 

The various elements of the tubular meimw 902 may be coupled usmg any 
number of conventional process such as, for example, threaded connections, 
w eld in g or n n**h*™*l from one piece. In a preferred embod iment , the various 

15 elements of the tubular member 902 are coupled using welding. The tubular 
member 902 may comprise a plurality of tubular elements that are coupled end to 
end. The various element* of the tubular member 915 may be coupled usin^ any 
numb er of conventional process such as, for rwmiplft, threaded connections, 
welding or wn^HiTind from one piece* In a preferred embodiment, the various 

20 elements of the tubular member 915 are coupled using welding. The tubular 
member 915 may comprise a phiralrty of tubular e^ 

end The tubular members 902 and 915 may be ooupled using any number of 
conventional process such as, for example, threaded connections, welding or 
machined from one piece. 
25 The support member 904 preferably i nclud es an innerstring adapter 916, 
s fluid passage 918, an upper guide 920, and a coupling 922. During operation of 
the apparatus 900, the support member 904 p 

during movement of the apparatus 900 within a wellbore. The support member 
904 preferably has a substantially annular cross-section. 
30 The support member 904 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy steel, coiled tubing or stainless steel In a preferred 



embodiment, the support member 904 is fabricated from low a llo y steel in order 
to optimally provide high yield strength. 

The inneratring adaptor 916 preferably jj coupled to and supported by a 
conventional drill string support from a sorfece location. The innerstring adaptor 
6 916 may be coupled to a conventional drill string support 971 by a threaded 
connection 970. 

The fluid passage918 is preferab^naod 
to imdfrtm the apparatus 900. In a preferred embodiment, the fluid passage 918 
isfluidicryowr^ Inaprefen^emboo^nient, the fluid 

10 passage 918 isnasdto convey hardanahlc flnfcfic sealiiig materials to and from the 
apparatus900. InapartkuJarfrpiofai^ 

include one or more pressure reHef passages (not illustrated) to release Quid 
pressure during posits In a preferred 

anbodiment, the fluid passage 918 ispoattoned along ^ 
15 the apparatus 900. In a preferred embodiment, the fluid passage 918 is selected 
to permit the conveyance of hardenable fluidic materials at operating pressures 
ranging from about 0 to 9,000 psL 

The upper guide 920 is coupled to an upper portion of the support member 
904. The upper guide 920 prefer 
20 witluBtbetabiu^inain^ 

of conventional guide members modified in accordance with the t/wbingp of the 
present disclosure. In a preferred ffmhodimrnt, the upper guide 920 comprises an 
innenitring adapter available from HalHburton Energy Services In Dallas, TXorder 
to optfanalry guide the apparatus 9(H) within tbs tubular member 
26 Wuicouplhig 922 couples the support The 
coupling 922 preferably comprises a conventional threadad flfimifrctloti 

The various eleinenls of the support n^ 
iramber of conventional processes audi as, for example, welding, threaded 
c onnect i ons or machine d from one piece. In a preferred embodiment, the various 
SO eleinentsof the support member 904 are coupled uanuj threaded connectionfl. 
Tfaamannrcl9Mprefi^fym^ 
expansion cone 928, a lower cone retainer 930, a body of cement 982, a lower guide 



934, an extension alcove 936, a spacer 938, a housing 940, a sealing sleeve 942, an 
Upper cone retainer 944, a lubricator mandrd94S,ahibricator8keve948 r Bguide 

950, and a fluid passage 952. 

The retainer 924 is coupled to the hibzicatorinandz^946 v hibricatorileeve 
5 948, and the rubber cup 926. The retainer 924 couples the rubber cup 92$ to the 
lubricator sleeve 948. The retainer 924 preferably has a substantially annular 
cross-section. The retainer 924 may comprise any number of conventional 
commercially available retainers such as, for example, slotted spring pins or roll 
pin. 

10 The robber cup 926 is ccupled to the retainer 924, the lubricator mandrel 

946, and the lubricator sleeve 948. The rubber cup 926 prevents the entzy of 
foreign materials into the interior region 972 of the tubular member 902 below the 
rubber cup 926. The rubber cup 926 may comprise any number of conventional 
commercially available rubber cupe such as, for example, TP cups or Selective 

15 Iqjectum Packer (SIP) cup. In a pr e fer red embodiment, the rubber cup 926 
comprises a SIP cup available from Halliburton Energy Services in Dallas, TX in 
order to optimally block foreign materials 

In a particularly preferred embodiment, a body of lubricant is further 
provided in the interior region 972 of the tubular member 902 in order to lubricate 

20 the interface between the exterior surface of the mandrel 902 and the interior 
surface of the tubular members 902 and 915. The lubricant may comprise any 
n umber of conventional commercially available lubricants such as, for example, 
Lubriplate, chlorine based lubricants, oil based lubricants or Climax 1500 Antiseize 
(3100). In a preferred embodiment, the lubricant comprises Climax 1500 Antiseize 

25 (3100) available from Climax Lubricants and Equipment Co. in Houston, TK in 
order to optimally provide lubrication to fadliate the extrusion process. 

The expansion cone 928 is coupled to the tower cone retainer 930, the body 
of cement 932, the lower guide 934, the extenskm sleeve 936, the bous^ 
the upper cone retainer 944. In a preferred embodiment, during operation of the 

30 apparatus 900, the tubular members 902 and 916 are extruded off of the outer 
surface of the expansion cone 928. In a preferred embodiment, axial movement 
of the expansion cone 928 is prevented by the l<rirer(»ne retainer 930, housing940 
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and the upper cone retainer 944. Inner radial movement of the expansion cone 
928 is prevented by the boc> of c^^ 
retainer 944. 

The erpraaim cone 928 
5 The outside diameter of the expansion cone 928 is preferably tapered to provide 
a cone shape. Hie wall thickness of the expansion cone 928 may range, for 
example, from about 0.125 to 3 inches. In a preferred embodiment, the wall 
th irknewg of the expansion cone 928 ranges from about 0.25 to 0. 75 inches in order 
to optimal^ provide adequate comnreaaive strength with mmmml m^f^^ The 
10 marinrom and minimum outride diametera ****** expansion Pffft m ^y ran g e, 
for example, from about lto47 incite. Inaj»eferredembc4rae^ 
and mmimi i m oirtaidfldiam 
to 19 morder to cptmialry proving 

The prpRTiwon cxme 928 may be fabricated from any number of conventional 
15 commercialJy available nia^ 

or lowalloy steel In a preferred embodiment, the rTpannkm cone 928 ia fabricated 
from tool steel in order to optimally provide high strength and ahrarimi r*m 
The surfece hardness of the outer surface the espanato 
example, frtmiaboutMRc^ 70 Rockwell C. In a preferred embodiment, 

20 the suifece hardness of the outer surface of the expansion cone 928 ranges from 
about 68 Rockwell C to 62 Rockwell C in order to optimally provide high yield 
strength* In a preferred embodiment, the expansion cone 928 ia heat treated to 
optimally provide a hard outer surface and a resilient interior body in order to 
optimally provide abrasion resistance and fracture toughness, 
25 The lower ome retainer 890 is coupled to the expansion cone 928 aiid tte 

housmg940. In a preferred embodiment, axial niovement of the expansion cone 
928 is prevented by the lower cone retainer 930. Preferably, the lower cone 
retainer 930 has a substantially annular cross-section* 

The lower cone retainer 930 may be fabricated from any number of 
30 conventional commercially available materials such as, for example, r*r»™^ t^i 
steel, titanium or low alloy steel In a preferred embodiment, the lower cone 
retainer 930 is fabricated from tool steel in order to optimally provide high 
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strength and abrasion resistance. Theaurface hardness of the outer sxufaee of the 
lower cone retainer 930 may range, for example, from about SO Rockwell C to 70 
Rockwell C. In a preferred embodiment, the surface hardness of the outer surface 
of the lower cone retainer 930 ranges from about 58 Rockwell C to 62 Rockwell C 
5 fn f\rrW tn ftp frimjrity provide high yield strength. In a preferred embodiment, the 
lower retainer 930 ia heat treated to optimally provide a hard outer surface 
and a resilient Interior body in order to optimally provide abrasion resistance and 
fracture toughness. 

In a preferred embodiment^ the lower cone retainer 930 and the expansion 

10 cone 928 are formed as an integral cgtfti^^ 

of components and increase the overall strength of the app ar atus. Hie outer 
surface of the lower cone retainer 930 preferably mates with the inner surfaces of 
the tubular members 902 and 915. 

The body of cement 932 is positioned within the interiorofthemandrel906. 

15 The body of cement 932 provides an inner bearing structure for the mandrel 906. 
The body of cement 932 further may be easily driDed out uamgaconvantioiialdrffl 
device. In this manner, the mandrel 906 may be easily removed using a 
conventional drilling device. 

*H*e body of cement 932 may comprise any number of conventional 

20 commercially available cement compounds. Alternatively, aluminum, cast iron or 
torn* ot hfr drillabto m e talli c cnraprate, or aggregate material may be substituted 
for cement The body of cement 932 preferably has a substantially annular cross- 
section. 

The lower guide 934 iscoupled to the extension sleeve 936 and housing 940. 
25 During operation of the apparatus 900, the lower guide 934 preferably helps guide 
the movement of the mandrel 906 within the tubular member 902. The lower 
guide 934 preferably has a substantially annular cross-section. 

The lower guide 934 may be fabricated from any number of conventional 
commcrrialry available materials audi ««, far ™mpl» r oflfialfl tnbulars, low alloy 
30 steel or stainless steeL In a preferred embodiment, the lower guide 934 is 
fabricated from low alloy ateel in order to optimally proride high yield strength. 



The outer surface of the lower guide 934 preferably mates with the inner surface 
of the tubular member 902 to provide a sliding fit 

The extension sleeve 936 is coupW 
940. During operation of the apparatus 900, the extension sleeve 936 preferably 
5 helps guide the movement of the mandrel 906 within the tabular member 902. 
The extension sleeve 936 preferably ban a substantially annular cross-section. 

The extension sleeve 936 may be fabricated from any nu mbe r of 
conventional commercially available materials such as, for example, oilfield 
tubular*, low alloy steel ox stainless steel In a preferred embodiment, the 
10 extension sleeve 936 is fahri 

highyieM strength. The outergnrfaceof the extension sleeve 936 rireferahiy m ate* 
with the inner surface of the tubular member 902 to provide a «Kri™ g fit. In a 
preferred embodiment, the extension sleeve 936 and the lower guide 934 are 
formed as an integral one-piece element in order to minimize the number of 
15 components and increase the strength of th e apparatus. 

The spacer 938 is coupled to the sealing sleeve 942. The spacer 938 
prefersbry includes the fluid passage 952 aiid is adapted to 
tube 960 of the shoe 908. In thia maimer, a p^ or dart 

surface through the fluid passages 918 and 952 into the fluid passage 962. 
20 Preferably, the spacer ftSft ba« * BUhatantiaDy ti*™!**- Jr^tHH^rtiori, 

The spacer 938 may be fabricated from any number of conventional 

commercially available materials such as, for example, steel, aluminum or cast 

iron. In a preferred embodiment,^ in 

order to c^timalty provide drillability . The end of the spacer 93ft preferably ma tes 
25 with the end of the extension tube 960. In a preferred einbodiment, the spacer 

938 and the eealmg sleeps 942 are 

to rechice the number o^ 

The housing 940 is coupled to the lower guide 93*, extension sleeve 936, 

expansion cone 928, body of cement 932, and lower cone retainer 930. During 
30 oprotionrfthe apparatus 900, to 

motion of the f» rp an su m cone 928. Preferably, the hmiaing 940 has a «^ 

annular cross-section. 
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The housing 940 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tubulara, low alloy 
steel or stainless steeL In a preferred embodiment, the housing 940 is fabricated 
from low alloy steel in order to optimally provide high yield strength. In a 
5 preferred embodiment, *h« tower guide 934, extension sleeve 936 and housing940 
are fanned as an integral one-piece element in order to minimise the number of 
components and increase the strength of the apparatus. 

In a particularly preferred embodiment, them teiw 
940 includes one or more protrusions to fadhate the connection between the 
10 housing 940 and the body of cement 932. 

The sealing sleeve 942 is coupled to the support member 904, the body of 
cement 932, the spacer 938, and the upper cone retainer 944. During operation of 
the apparatus, the sealing sleeve 942 preferably provides support for the mandrel 
906. The sealing sleeve 942 is preferaW 
15 the coupling 922. Preferably, the sealing sleeve 942 has a substantially annular 
cross-ssctiott. 

The sealing sleeve 942 may he fabricated from any number of conventional 
commercially available materials such as, for example, steel, ahzmmnm or cast 
iron. In a preferred embodiment, the sealing sleeve 942 is fabricated from 
20 aJuniinmn in order to optimally provide drillability of the sealing sleeve 942. 

In a particularly p re fer red embodiment, the outer surface of the sealing 
sleeve 942 imludf* m * or more protrusions to faciKate the connfytion between the 
sealing sleeve 942 and the body of cement 932. 

In a particularly preferred embodiment, the spacer 988 and the sealing 
25 sleeve 942 are mtegrally formed as a one-piece element in order to nunimixe the 
number of components. 

The upper cone retainer 944 is coupled to the expansion cone 928, the 
sealing sleeve 942, and the body of cement 932. During operation of the apparatus 
900, the upper cone retainer 
30 cone 928. Preferably, the upper cone retainer 944 has a snhsta nt ial r y annular 
c ros s sect io n . 



-34- 



The upper cone retainer 944 may be fabricated from any number of 
conventional commercially available materials men as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the upper cone retainer 944 
ia fabricat ed from alummnm in order to 
5 cone retainer 944. 

In a particularly preferred embodfcrant, the upper ra 
crocs-awrtiQnal shape designed to provide mcreased pgidity. In a particularly 
preferred embodiment, the upper cone retainer 944 has a cross-sectional shape 
that is substantially I-ehaped to provide increased rigidity and mmhnke the 
10 amount ofmaterial that vrouldhave to be drilledouL 
The lubricator maiKh^ 
926, the upper cone retainer 944, the lubricator sleeve 948, and the guide 950. 
During operation of the apparatus 900, the lubricator mandrel 946 preferably 
contains the bo$y of lubricant in the annular region 972 for lubricating the 
15 interface between the mandrel 906 and the tubular member 902. Preferably, the 
lubricator mandrel 946 has a substantially annular cross-section. 

The lubricator mandrel 946 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron, In a preferred embodiment, ijiKHratmr mandrel 946 ic 
20 fabri cat e d from a luminu m in order to optimally provide drfllabflity of the 
lubricator mandrel 946. 

The lubricator sleeve 948 is coupled to the lubricator mandrel 946, the 
retainer 924, the rubber cup 928, the upper cone retainer 944, tte 
948, and the guide 960. During operation of the apparatus 900, the lubricator 
25 sleeve 948 preferably supports the rubber cup 926. Preferably, the lnbricetor 
fileeve 948 has a substantially annular crosa-sectian. 

The lubricator sleeve 948 may be fabricated frum any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast faro. In a preferred embodiment, the lubricator sleeve 948 is 
30 fa brica ted from ahnaainnm in order to optimally provide driDability of t he 
lubricator sleeve 948. 
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As illustrated in Fig. 9c, the lubricator sleeve 948 is supported by the 
lubricator mandrel 946. The fabricator sleeve 948in turn supports the rubber cup 
926. The retainer 924 couples the rubber cup 926 to the hibricator sleeve 948. In 
a prefe rred embodiment, seals 949a and 949b are provided between the lubricator 
5 mandrel 946, lubricator sleeve 948, and rubber cup 926 in order to optimally seal 
off the interior region 972 of the tabular member 902. 

The guide 950 is coupled to the lubricator mandrel 946, the retainer 924, 
and the lubricator sleeve 948. During operation of the apparatus 900 , the guide 
950 preferably guides the apparatus on the support member 904. Preferably, the 
10 guide 950 has a substantially annular crosa-eectkm. 

The guide 950 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the guide 950 is fabricated from aluminum 
order to optimally provide drillability of the guide 950 . 
15 The fluid passage 952 is coupled to the mandrel 906. During operation of 

the apparatus, the fluid passage 952 preferably conveys hardenable fluidic 
materials. In a preferred ernbodiment, the Quid passage 952 is positioned about 
the ceuterliae of the apparatus 900. In a particularly pieferred embodiment, the 
Quid passage 952 is adapted to convey hardenable fluidic rnntmaln at pressures 
20 and flow rate ranging from about 0 to 9,000 pai and 0 to 3,000 galtons/min in order 
tocptimalfr providers 
the mstallation of the apparatus 900. 

The various elements of the 
of conventional process such as, for example, threaded connections, welded 
25 connections or cementing. In a preferred embodiment the various elements of the 
mandrel 906 are coupled using threaded connections and cementing. 

The shoe 908 preferably includes a housing 954, a body of cement 956, a 
sealing sleeve 958, an extension tube 960, a fluid passage 962, and one or more 
outlet jeU 964. 

30 The hcoising 954 is coupled to the body of cement 956 and the lower pot li on 

914 of the tubular member 902. During operation of the apparatus 900, the 
housing 954 preferably couples the tower p o rtion of the tubular 
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shoe 908 to facilitate the extrusion and positioning of the tubular member 902. 
Preferably, the homing ftfi4 h»« » «"N«tmtialIy annular rross-pection. 

The housing 964 may be fabricated from airy number of conventional 
commercially available material* such as, for example, steel or al uminum In a 
5 preferred embodiment, the housing 954 is fabricated from aluminum in order to 

optimally provide drtlbihilfty nf thm Ivwuring ft** 
In a particularly preferred embody 

954 include* one or more protrusions to facfliate the correction between the body 

of cement 956 and the housing 954. 
10 Ifrabodrcfcomcntfraiscogpltrttp 

958. In a preferred -embodiment, the compoeiticaof the body of cement 956 is 

selected to permit the body of cement to be easily drilled out using conventional 

drilling ma«4imM gjpj pro ce ss es. 

The composition of the body of cement 956 may include any number of 
15 conventional cement compositions. In an alternative embodiment, a drfl lab le 

material such as, for example, aluminum or inm may be substituted for the body 

of cement 956. 

The BBsling sleeve 958 is coupled to the bodyofcement 956, the extension 
tube 960, thefluid passage 962, and one or more outlet jets 964. During operation 

20 of the apparatus 900, the sealing sleeve 958 preferably is adapted to convey a 
hardenable ftuidic material from the fluid passage 952 into the fluid passage 962 
and then into the outlet jets 964 in order to jrject the hardenable flnidic material 
into an annular region external to the tubular member 902. In a preferred 
embodiment, during operation of the apparatus 900, the sealing sleeve 958 further 

25 inidudaminlet geometry 

lodged in the inlet of the sealing tleere 968. In this manner, the fluid passage 962 
may be blocked thereby fluidity isolating the interior xegto 
member 902. 

In a preferred embodiment, the scaling sleeve 958 has a substantially 
30 anzmbreroa^aactiaa. The aealmgsleeve 958 m^be fabricate 

of conventional commercially available materials such as, for example, steel, 
a luminum or cast iron. In a preferred embodiment, the sealing sleeve 958 is 
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fabricated from aluminum in order to optimally provide diillabiHty of the sealing 
sleeve 958* 

The extension tube 960 is coupled to the sealing sleeve 958. the fluid 
passage 962, and one or more outlet jets 964. During operation of the apparatus 
5 900, the extension tribe 960 preferabry is adapted to convey a hardenable flnidic 
material from the fluid passage 952 into the fluid passage 962 and then into the 
outlet jets 964 in order to inject the hardenable fiuidic material into an annular 
region external to the tubular member 902. In a preferred embodiment, during 
operation of the ap p aratus 900, the sealing sleeve 960 further indudea an inlet 
10 geometry that permit* a conventional phig or dart 974 to become lodged in the 
inlet of the sealing sleeve 968- In thia manner, the fluid passage 962 is blocked 
thereby frcridjdyisolatm^ 902. In 

a preferred embodiment 

the spacer 938 in order to optimally facihate the transfer of material between the 
15 two. 

In a preferred embodiment, the extension tube 960 baa a substantially 
annular cross-section. The extension tube 960 may be fabricated from any number 
of conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the extension tube 960 is 

20 frfr rfo t*** from aluminum in order to optimally provide driDabflity of the 
pxtenRion tube 960, 

The fluid passage 962 is coupled to the sealing sleeve 958, the extension 
tube 960, and one or more outlet jeta 964. During operation of the apparatus 900, 
the fluid passage 962 is preferably conveys hardenable fiuidic materials. In a 

25 pr e f ex led embodiment, the fluid passage 962 is positioned about the centerirne of 
the apparatus 900. In a particularly preferred embodiment, the fluid passage 962 
is ada p ted to convey hardenable fiuidic irEf*-™ 1 * at pressures and flow rate 
ranging from about 0 to 9,000 psi and 0 to 3,000 gaUoriB/min in order to optimally 
provide fluids at operationally e ffi c ien t rates. 

30 Thecmtletjets 964 are coupled to the sealing sleeve 958, the extenaiont^ 

960, and the fluid passage 962. During operation of the apparatus 900, the outlet 
jets 964 preferably convey hardenable fiuidic material from the fluid passage 962 
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to the region exterior of the apparatus 900. In a preferred embodiment, the shoe 
908 includes a plurality of outlet jets 964. 

Inapreferredembod^ 
the housing 95* awi the bofr^ 
5 of the apparatus 900. 

The various elements of the sto 908 
conventional process such as, for example, threaded gflnne ctiona, cement or 
machined from one piece of material In a preferred embodiment, the various 
el eme n t s of the shoe 908 are coupled using cement 
10 In a preferred mnhodfa 

descrfted above with refinance to Rgs. 14 to create a new 
wellbore or to repair a wellbore casing or pipeline, 

In particular, in order to extend a we^ 
a drill string is used in a well known maimer to drill out material fiom the 
16 subterranean formation to form a new section. 

The apparatus 900 for forming a wellbore casing in a subterranean 
formation is then positioned in the new section of the wellbore. In a particular^ 
preferred embodin^ Inft 
preferred embodiment, a hardenable fluidic sealing hardenable fl uldic sealing 
20 material is then pmnpedtr^ The 
hardenable ftivficspsBng material ttwn paaacqfawtheflpJd passage 918 into the 
mterior region 966 of the tubular mernber 902 below the mandrel 906. The 
hardenable fluidic sealing material then paaaesfr^ to 
the fluid passage 962. The hardenable fluid* sealing material than exits the 
25 apparatus 900 vta the outlet je^ 

exterior of the tubular member 902 and the interw 

wellbore. Continued pumpingof the hardanahle fluids -«ifr> g »n Serial cnuocs the 
material to fill up at least a portion of the 

annnUf raging 

The hardenable fluidic sealing material ia preferably pumped into the 
30 annular region at pressures and flow rates ranging, for example, from abotttO to 
5,000psiand0tol,500galloiia/n^ In a preferred embodiment, the 

bardenabb fhiidic aealmginaterial 



and flow rates that are designed for the specific wellbore section in order to 
optimise the displacement of the hardenable fluidic sealing material while not 
creating high enough circulating pressures such that circulation might be lost and 
that could cause the wellbore to collapse. The optimum pressures and flow rates 
5 are preferably determined using conventional empirical methods. 

The hardenable fluidic sealing material may comprise any number of 
conventional co mmerci ally av ailab le har d enab le fluidic s ealing matsri ala such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenabl e flui dic scaling material comprises blended cements designed 

10 specifically for the well section being lined available from Halliburton Energy 
Services in DaDaa, TX in order to optimally provide support for the new tubular 
member while also -myrrrfcafaing optimal flow characteristics so aa to minimize 
operational rfiflRmilHoo during the displacement of the cement in the annular 
region. The optimum composition of the blended cements is preferably determined 

15 using conventional empirical methods. 

The annular region preferably is filled with the hardenable fluidic sealing 
material in sufficient quantities to ensure that, upon radial expansion of the 
tubular member 902, the annular region of the new section of the wellbore will be 
filled with hardenable material. 

20 Once the annular region has been adequate filled witii hardenable fln^ 

sealing material, a phig or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 thereby floidicly isolating the interior region 
966 of the tubular member 902 from fte external anmalarreglnn. In a preferred 
embodiment, anon hardenable fluidic material is then pumped into the interior 

25 region 966 '^q^ff the interior region 966 to pressurise. In a particularly 
preferred embodiment, the plug or dart 974, or other simflardevices preferably ^ 
introduced into the fluid passage 962 by mtrodudng the plug or dart 974, or other 
similar device into the non hardenable fluidic material In this manner, the 
amount of cured materia] withm the interior of the tubular members 902 and 916 

30 is minimized. 

Once the interior regbn 966 becomes sufildentry pressurised, the tubular 
members 902 and 915 are extruded of! of the mandrel 906. The mandrel 906 may 
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be fixed or it may be expendible. During the extrusion process, the mandrel 906 
is raised out of the expanded portions of the tubular members 902 and 915 using 
the support xnember 904, During this extnuaon process, the sh^ 
substantially stationary. 
5 The plug or dart 974 is preferably placed into the fluid passage 962 by 

m traducing the phigOT 

a conventional manner. The plug or dart 974 may comprise any number of 
conventional commercially available devices fig plugging * fluid passa ge each as» 
for example, Multiple Stage Cfen»ter(M3C)latchKkmnplng, Omega latch-down 
10 plug or three- wiper latch down plug modified is accordance with the teachings of 
the present disctosure. In a preferred emlx>diment,the 

a MSG latch-down phigavttilahle from Halbboirton Energy Services in D aIIah TX. 

After placement of the plug or dart 974 in the fluid passage 962, the non 
hardenable fluidic material is preferably pumped into the interior region 966 at 
15 pressures and flow rates ranging from approximately 600 to 9,000 psi and 40 to 
3,000 gallons/min in order to optimally extrude the tubular members 902 and 915 
off of the mandrel 906. 

For typical tubular members 902 and 915, the extrusion of the tubular 
members 902 and 915 off of the expandable mandrel wiH begin when the pressure 
20 of the interior region 966 ree^i^ approxiinatefy 500 to 9,000 pal In a preferred 
embodiment, the extrusion of the tubular members 902 and 9 16 off of the mandrel 
906 begins when the pressure of the interior region 966 reaches approximately 
1,200 to 8,500 psi with a flow rate of about 40 to 1250 gallons/minute. 

During the extrusion process, the mandrel 906 may be raised out of the 
25 e xp an d ed portions of the tubular members 902 and 916 at rates ranging, for 
example, from about 0 to 6 ft/sec. In a preferred embochment, during the extrusion 
procem, the mandrel 906 ia raised out of the expended portions of the tubular 
members 902 and 915 at rates ranging from about 0 to 2 ft/sec in order to 
optimally provide pulling speed fest enough to permit efficient operation and 
30 permit fiaU expansion the tubu^ prior to curing of the 

hardenable fluidic sealing material; but not so fast that thnejy adjustment of 
operating parameters during operation is prevented. 
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When the upper end portion of the tubular member 915 is extruded off of 
the mandrel 906, the outer surface of the upper end portk)n<rfthe tubular m 
915 will preferably contact the interior surface of the lower end portion of the 
exintiTig casing to form an fluid tight overlapping joint. The contact pressure of the 
5 overlapping joint may range, for example, from approi f mwtely 60 to 20,000 psL In 
a preferred embodiment! the contact pressure of the overlappmgjoint between the 
upper end of the tubular member 915 and the exifiting aectwn of wellbore casing 
ranges from approximately 400 to l0 r (M)0psiinorder1x)0ptmudtypro^ecOTtact 
pressure to activate the sealing members and provide optimal resistance such that 
10 the tubular niembOT 915 sx^ 
compressive loads. 

In a preferred embodiment, the operoiing pressure and ftow rate of t^r^ 
hardenable fhndic material will be controUabry ramped down when the mandrel 
906 reaches the upper end portion of the tubular member 915. In thi s manner, the 

15 sudden release of pressure caused by the complete extrusion of the tubular 
member 915 off of the expandable mandrel 906 can be twi^ wyf In a preferred 
embodiment, the operating pressure is reduced in a substantially linear fashion 
from 100% to about 10% during the end of the extrusion process begmningwhen 
the mandrel 906 has completed approximately all but about the last 5 feet of the 

20 extrusion process. 

In on alternative preferred embodiment the opeiating pressure and/or flow 
rate of the hardenable fhiidk sealing material and/or the n on hardenable fhndic 
material are controlled during all phases of the operation of the apparatus 900 to 
minimise shock. 

25 Alternatively, or in combination, a shock absorber is provided in the support 
member 904in order to absorb the shock cau^ by the sudden release of pressure. 

Alternatively; or in combination; a mandrel catching structure is provided 
above the support member 904 in order to catch or at least decelerate the mandrel 
906. 

30 Once the extrusion process is completed, the mandrel 906 is removed from 

the wellborn In a preferred embodiment either rieforecr aflerthe removal of ^ 
mandrel 906. the integrity of the fluMic seal of the overlapping joint between the 
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upper portion of the tubular member 915 and the lower portion of the existing 
casing is tested uaingccmveiitkmjdinethod& IftbeflukiicBeidoftbeoverl^p^ 
joint between the upper portion of the t^^ 

of the existing casing is satisfactory, *hen the uncnred portion of any of the 
5 hardenable Ilnidic sealing material within the expanded tubular member 915 is 
then removed in a conventional manner. Th» hgwinw^if flqjdic ^ifa g m a terial 
within the annular region between the expanded tubular member 9 15 and the 
existing casing and new section of wellbore is then allowed to cure. 

Preferably any remaining cured hanienablefluidic sealing material within 
10 the interior of the expanded tubular members 902 a^ 

convent ion a l maimer using a conventional drill string. The resulting new section 
of casing preferably iwtfudestte 

outer annular layer of cured hardenable fiuidic sealing ™n+^ P I r [h B bottom 
portion of the apparatus 900 comprising the shoe 908 may then be removed by 
15 drilling out the shoe 908 using conventional drilling methods 

In an alternative embodiment, during the extrusion process, it may be 
necessary to remove the entire apparatus 9M 

to a malfunction . In this draunstanoe, a convmtioiisl drill string is used to drili 
out the interior sections of the apparato 900 in order to fksffitate the removal 
20 the remaining sections. In a preferred embodiment, the interior elements of the 
apparatus 900 are fabricated from materials such as, for example, cement and 
aluminum, that permit a conventional drill string to be employed to drill out the 
interior components. 

In particular, in a preferred embodiment, the composition of the interior 
25 sections ofthe mandrel 906 arris^ 

cement 932, the spacer 938, the sealing sleew 942, the upper cone retainer 94^ 
the fabricator mandrel 9W^ 

554, the body of cement 956, the sealing ileeve 958, and the extension tube 960, 
are selected to permit at least some of these components to be drilled out using 
30 conventional drilliiig methods and apparatus. In this manner, in the erent of a 
maMkmction downhole, the apparatus 900 may be easQy removed from the 
wellbore. 



Referring now to Figs. 10*, 10b, 10c, 10d, 10e, 10£, and lOga method And 
apparatus for creating a tie-back liner in a weUbore will now be described. As 
illustrated in Fig. 10a, a weDbore 1000 positioned in a subterranean formation 
1002 includes a first casing 1004 and a second easing 1006. 
6 The first casing 1004 preferably includes a tubular liner 1008 and a cement 
annuhis 1010. The second casing 1006 preferably includes a tubular liner 1012 
and a cement annuhis 1014. In a preferred embodiment, the second casing 1006 
is formed by expanding a tubular member substantially as described above with 
reference to Figs. l-9c or below with reference to Figs. lla-ll£ 

10 In a particularly preferred embodiment an upper portion of the tabular 
liner 1012 overlaps wrtha lower portion of the tubular finer 1008. In a particularly 
preferred embodiment, an outer sorface of the upper portion of the tubular liner 
1012 includes one or more sealing members 1016 for providing a fhiidic seal 
between the tubular liners 1008 and 1012. 

15 Referring to Fig. 10b, in order to create a Ue4^ liw that extends fttun 

the overlap between the first and second casings, 1004 and 1006, an apparatus 
1100 is preferably provided that includes an expandable mandrel or pig 1105, a 
tubular member 1110, a shoe 1115, one or more cup seals 1120, a fluid passage 
1130, a fluid passage 1135, one or more fluid passages 1140, seals 1145, and a 

20 support member 1150. 

The expendable mandrel or pig 1 105 is coupled to and supported by the 
support member 1160. The expandable mandrel 1105 is preferably adapted to 
oontrollably expand in a radial direction. The npnndanla mandrel 1105 may 
comprise any number of conventional commercially available expandable mandrels 

25 modified in accordance with the teachu^ 

embodiment, the expandable mandrel 1105 comprises a hydraulic expansion tool 
substantially as disclosed in US. Pat. No. 5,348,095, the disclosure of which is 
incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

30 The tubular member 1110 is coupled to and supported by the expandable 
mandrel 1105. The tubular member 1105 is expanded in the radial direction and 
extruded off of the expandable mandrel 1105. The tubular member 1 1 10 may be 
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fabricated from any number of material* such as» for example, Oilfield Country 
Tubular Goods, IS chromium tubing or plastic pining. In a prefeiTed embodiment 
the tubular member 1110 is fabrira^nxmi Ofl^ 

The inner and outer diameters of the tubular member 1110 may range, for 
5 example, frcmiapproxxm^ 
In a prefen ed embodiment, the inner and outer diameters of the tubular member 
lllOrange from aboin^S to 16ii inches 

to optimalfr provide coverage for typical oilfield casing aires. The tubular member 
1110 preferably comprises a solid member 
10 In a preferred embodiment, the upper end portion of the tubular memha^ 

U10 is slotted, perforated, or otherwise modified to catch or slow down the 
mandrel 1105 when it completes the extrusion of tubular member 1110. In a 
preferred embodiment, the length of the tabular member 1110 is limited to 
minhnixe the possibility of buckling. For typical tubular iDCTiber 1110 materials, 
15 the length of the tubular member 1110 is pwfcarab^ 
to 20,000 feet in length. 

The shoe 1115 is coupled to the expandable mandrel 1105 and thft tubular 
member 1110. The shoe 1116includes the fluid passage 11S5. The shoe 11 15 may 
comprise any number of conventional commercially available shoes such as, for 
20 example, Super Seainfloat shoe, &n^ 

with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred «mWm.^ thr shoe 1116 
comprises an aluminum down-jet guide shoe with a Bealing sleeve for a ktch-^wn 
plug with side ports nm^atm 
25 Energy Services in DsDs* IX, modifW 

present disclosure, in order to optimal^ guide the tubular member 1100 to the 
owlap between the tabular 

isolate the interior of the tubular member 1100 after the latch dt*wn prag has 
seated, endoptinialfyperii^ ahoe 1116 after completion of the 

30 expansion and cementing operations. 

In a preferred embocfiment, the shoe 1115 includes Mm or 
ports 1140 in fluidic comnmnfeation with the fluid passage 1135. In this manner, 
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the shoe 1115 injects hardenable fluidic sealingmaterial into the region outside the 
shoe 1115 and tubular memb er 11 10. In a preferred embodiment, the shoe 1115 
includes one or more of the fluid passages 1140 each having an inlet geometry that 
can receive a dart anbVor a baB sealing member. In this manner, the fluid passages 
5 1140 can be esaledoff^ introducing a ph^^ into 
the fluid passage 1130. 

The cup seal 1120 is coupled to and supported by the support member 1160. 
The cup seal 1120 prevents foreign materials from entering the interior region of 
the tubular member 1110 adjacent to the expandable mandrel 1105. The cup seal 

10 1120 may comprise any number of conventional croamerrialiy available cup seals 
such f , *r>*fw4piA i tp cupa «■» fvwjju* Injection jstpi enpa m 
accordance with, the teachings of the present disclosure. In a preferred 
embodiment, the cup seal 1120 comprises a SEP cup, available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a barrier to debris and 

15 contain a body of lubricant. 

The fluid passage 1190 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1110 below the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
support member 1150 and the expandable mandrel 1105. The fluid passage 1130 

20 preferably extends from a position adjacent to the surface to the bottom of the 
expandable mandrel 1105. The fluid passage 1130 is preferably positioned along 
a centerline of the apparatus 1100. The fluid passage 1130 is preferably selected 
to transport materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi In order 

25 to optimally provide sufficient operating pressures to circulate fluids at 
operationally efficient rates. 

The fluid passage 1135 permits fining 
passage 1130 to the interior of the tubular member 1110 below the mandrel 1105. 
The fluid passages 1140 permits fluidic materials to be transported to and 

30 from the region exterior to the tubular member 1110 and shoe 1115. The fluid 
passages 1140 are coupled to and positioned within the shoe 1115 in fluidic 
communication with the interior region of the tubular member 1110 below the 
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expandable mandrel 1105. The fluid passages 1140 preferably have a cross- 
sectianfd shape that permte 

passages 1140 to thereby block farther passage of fluidk mAi****}* in this 
manner, the interior region of the tabular member 1110 below the expandable 
5 mandrel 1105 can be fluidicly isolated from the region exterior to the tubular 
member 1105. This permits the interior region of ^ 
the expandable mandrel 1105 to be pressurised. 

The fluid passages tn^jn^mMy positioned tN* periphery of the 
shoe 1115. The fluid passages 1140 are preferably selected to convey materials 
10 such as cement, driuingmu^ 

about 0 to 3,000 gmllom^mfnTTte and 0 to 9,000 pei in order to optimally fDl the 
annular region between the tubular mconaberUlO and tba tabular 
fluidic materials. In a preferred emlxxnnien^ 

inlet geometry that can receive a dart and/or a ball sealing member. In this 
15 manner, the fluid passages 1140 can be sealed off by introducing a plug, dart 

and/or ball sealing elements into the fluid passage 1130. In a preferred 

embodiment, the apparatus HOP includes a plurality of fluid passage 1140, 

In an alternative embodiment, the base of the shoe 1115 includes a single 

inlet passage coupled to the fluid passages 1140 that is adapted to receive a plug, 
20 or other similar device, to pennit the interior region of tto 

to be ftndicbr isolated from the exterior of the tubular mem 

The eeals 1145 are coupled to and supported by a tower end portion of the 

tubular member 1110. The seals 1145 are further positioned on an outer surface 

of the lower end portion of the tubular member 1110. The seals 1145 permit the 
25 overlapping jomtbetw^ 

end portion of the tubular member mo to be OnHicryaealeA 

The seals 1145 may comprise any number of conventional commercial^ 

available seals such as, for example, lead, rubber, Teflon or epoxy sea l s modified 

in accordance with the teachings of the present disclosure. In a pre fe rred 
30 embodiment, the seals 1145 comprise s eal smoMed from Btratalock epoxy available 

from Halliburton Energy Services in Dallas, TX in order to optimally provide a 
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hydraudk seel m the overlapping^ 

to withstand the range of typical tensile and compressive loads* 

In a preferred embodiment, the seals 1146 are select ed to optimally provide 
a sufficient frictioriM force to support the rrrtfindrd tubular member 1 110 from the 
5 tabular liner 1008. In a pr e f crredembo d irnent , the frictional force provided by the 
seals 1 145 ranges from about 1,000 to 1,000,000 M in tension and compression in 
order to optimally support the expanded tubular member 1110. 

Thm support member 1150 is coupled to the expandable mandrel 1105, 
tubular member 1110, shoe 1115, and seal 1120. The support member 1150 

10 preferably comprises an annular member laving sufficient strength to carry the 
apparatus 1100 iniothe wellborn 1000- In a preferred embodiment, the support 
member 1150 further includes one or more co nv e n tional centrahters (not 
iDustretedJ to help stabilize the tubular member 1110. 

In a preferred embodiment, a quantity of lubricant 1150 is provided in the 

15 annular region above the expandable mandrel 1105 within the interior of the 
tubular member 1110. In thi* manner, the extrusion of the tubular member 1110 
off of the expandable mandrel 1105 is facilitated. The lubricant 1150 may 
comprise any number of conventional commercially available lubricants such as, 
for example, Lubriplflte, chlcrrirtfl baaed hibricapt* Climax 1500 Antiseize (3100). 

20 In a preferred embodiment, the lubricant 1150 comprises Climax 1500 Antiaeizc 
(3100) available from Qimax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide hibrication for the extrusion process. 

In a prefe r md embodiment, the support member 1 150 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1100. In this 

25 manner, the introduction^ 

This iwintmiwHi the possibility of foreign material dogging the various flow 
paasagea and valves of the apparatus 1100 and to ensure that no foreign material 
interferes with the expansion mandrel 1105 during the extrusion process. 

In a particularly pr e f erred embodiment, the apparatus 1100 includes a 

30 packer 1 155 coupled to the bottom section of the shoe 1 1 15 for fluidkly isolating 
the region of the wellbore 1000 below the apparatus 1100. In this manner, fhaidk 
materials are prevented from entering the region of the wellbore 1000 below the 
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apparatus 1100. The packer 1166 may comprise any number of conventional 
commercially available packers such as, for example, EZ Drill Packer, EZ SV 
Packer or a drillable cement retainer. In a preferred embodiment, the packer 
1156 comprises an EZ Drift Packer available from Halliburton Energy Services in 
5 Dallas, IX. In an alternative embodiment, a high gel gtrength pill may be set 
below the tie-backinplaceofthe packer 1155. In another alternative enibodixneni, 
the packer 1155 may be omitted. 

In a preferred embodiment, before or after pcgittoning the apparatus 1100 
within the wellbore 1100, a couple of weHbore volumes are circulated in order to 
10 ensure that no foreign materials ere located within the we 

clog up the various flow passages and valves of the appaialua 1100 and to ensure 
that no foreign material interferes with the operation of the expansion mandrel 
1105. 

AailhistratedinKg. 10c, a hmlmahla flnirfir sealing material llffOisthen 

15 pumped from a surface location into the fluid passage 1130. The material 1160 
then passes from the fluid passage 1130 into the interior region of the tubular 
member 1110 below the expandable mandrel 1105* The material 1160 then passes 
from the interior region of the tubular member 1110 into the fluid passages 1140. 
The material 1160 then exits the apparatus 1100 and fills the region 

20 between the exterior of the tubular member 1110 and the interior wall of the 
tubular liner 1008. Continued pumping of the material 1160 causes the material 
1 160 to fill up at least a portion of the annular region. 

The material 1160 maybe pumped into the annular region at pressures and 
flow rates ranging, for example, from about 0 to 5,000 psi and 0 to 1,500 

25 galbnstoin, respectively. Inaprcferrgdombcriimen^ 

into the amralar region at pressures and flow rates specifically designed fbr the 
casing sizes being run, the annular spaces being filled, the pumping equipment 
available, and the properties of the fhiid bemg pumped The optimum flow rates 
and pressures *™ pr»far»My calculated ««n g conventional «™r"riral methods, 

30 Thehardenaltoftaidlcs 

conventional commercially available hardenable fiuidic sealing materials such as, 
for example, slag mix, cement or epaxy. In a preferred embodiment, the 



-49- 



har denab le fhiidic sealing material 1160 comprises blended cements specifically 
designed for well section being tied-back, available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide proper support for the tubular 
member 1110 while myimtarning optimum flow characteristics so as to minimize 
5 operational difficulties during the displacement of cement in the annnlnr region. 
The optimum blend of the blended cements are preferably determined using 
conventional empirical methods. 

The annular region may be filled with the material 1160 in su ffic ie nt 
quantitiee to ensure that, upon radial expansion of the tubular member 1110, the 

10 aTinnlpir region will be filled with material 1 160. 

As illustrated in Fig. 10d^ once the annular region has been adequately died 
with material 1160, one or more phigs 1166, or other similar devices, preferably 
are introduced into the Quid passages 1 1 40 thereby Quidicly isolating the interior 
region of the tubular member 1110 from the annular region external to the tubular 

15 member 1110. In a preferred embodlin^ 

is then pumped into the interior region of the tubular member 1110 below the 
mandrel 1105 causing the interior region to pressurize. In a particulariy preferred 
embodiment, the one or more phigs 1166, or other similar devices, are introduced 
into the fluid passage 1140 with the introduction of the nan hardmnhto fhiidic 

20 material. In this manner, the amount of hardenable fluidic material within the 
interior of the tabular member 1110 is minimized. 

As illustrated in Fig. 10e, once the interior region becomes sufficiently 
pressurized, the tubular member 1110 is extruded off of the expandable mandrel 
1105. During the extrusion process, the expandable mandrel 1105 is raised out of 

25 the expanded portion of the tubular member 1110. 

The plugs 1165 are preferably placed into the fluid passages 1140 by 
introducing the plugs 1165 into the fluid passage 1130 at a surface location in a 
conventional manner Hie plugs 1 166 may comprise any number of conventional 
commercially available devices from plugging a fluid passage such as, for example, 

30 brass balls, pings, rubber balls, or darts modified in accordance with the teaching* 
of the present disclosure. 
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In a p re fer red embodiment* the plage 1165 comprise low density rubber 
balls. In an alternative embodiment, for a shoe 1106 having a common central 
inlet passage, the plugs 1165 comprise a single latch down dart 

After p l a cement of die plugs 1165 in the fluid passages 1140, the non 
6 bardenable ftuxdk material 1161 is preferably pumped into the interior region of 
the tabular member 1110 below the mandrel 1105 at pressures and flow rates 
ranging from approximately 500 to 9,000 psi and 40 to 3,000 gallona/min. 
In a preferred rnnbodim ent, after placement of the pings 1165 in the fluid passages 
1140, the non hardenahk fiddle material 1161 is preferably pumped into the 
10 interim- regkmofthe tubular member 1110 bekmth*inandridll05atpit«sures 
and flow rates ranging from approximator/ 1200 to 8500 psi and 40 to 1250 
gallonVmin in order to optimally provide extrusion of typical tubular* 

For typical tubular members 1110, the extrusion of the tubular member 
1110 off of the expandable mandrel 1105 will begin when the pressure of the 
15 interior region of the tubular member 11 10 below the mandrel 1 105 reaches, for 
example, approximately 1200 to 8500 psL In a preferred embodiment, the 
extrusion of the tubular member 1110 off of the expand able rnandr el iiftRt^gmg 
whan the pressure of the interior re^of the tubular number 1110 below ^ 
mandrel 1105 reaches approximate 1200 to 8500 psL 
20 During the extrusion proceas, the expandable ma^ 

out of the expa nded portion of the tubular member 1110 at rates ranging, for 
example, from about 0 to 5 ft/sec Inapreferred embodiment, durmg the extrusion 
process, the expandable mandrel 1105 is raised out of the expanded portion of the 
tubular member 1110 at rates ranamgiram abort 0 to 
25 provide permit adjustment of operational parameters, and optimally ensure that 
the extrusion process will be oamnktedbefcre the material 1160 cures. 

In a preferred embodiment, at least a porticm 1180 of the tubular monber 
lUOhasanhxteznal diameter less than the outside diameter of the mandrel 1105. 
In this manner, when the mandrel 1105 expands the sectkm 1180 of the tubular 
30 member 1110, at least a portion of the expanded section 1180 effects a seal with 
at least the wellbore casing 1012. Inaparticukrfr p r efe rr e d embodiment, the seal 
ia effected by compressing the seals 1016 between ths expanded section 1180 and 
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the wellboxe casing 1012. In a preferred embodiment, the contact pressure of the 
joint between the f*p mH< "* section 1180 of the tubular member 1110 and the 
casing 1012 ranges from about 600 to 10,000 pd in order to optimally provide 
pressure to activate the sealing members 1145 and provide optimal resist anc e to 
5 ensure that the joint will withstand typical extremes of tenntei and compressive 
loads. 

In an alternative preferred embodiment, substantially all of the entire 
length of the tubular member 11 10 has an internal diameter less than the outaio^ 
diameter of the mandrel 1105. In this manner, extrusion of the toibular member 

10 1110 by the mandrel 1105 results in contact between substantially all of the 
expanded tubular member 1110 and the existing casing 1008. In a preferred 
embodiment, the contact pressure of the joint between the expanded tubular 
member 1110 and the casings 1008 and 1012 ranges from about 500 to 10,000 psi 
in order to optimally provide pressure to activate the sealing members 1145 and 

15 provide optimal wn i ster*'* fr> ensure that the joint will withstand typical extremes 
of tensile and compressive loads. 

In a preferred embodiment, the operating pressure and flow rate of the 
material 1161 is contrcliabJy ramped down when the expandable mandrel 1105 
reaches the upper end portion of the tubular member 1110. In this manner, the 

20 sudden release of pressure caused by the complete extrusion of the tubular 
member 1110 off of the expendable mandrel 1106 can be minlmtxH In a 
preferred embodiment, the operating pressure of the fiuklic material 1161 is 
reduced in a substantially linear fashion from 100% to about 10% during the end 
of the extrusion process beginning when the mandrel 1105 has completed 

25 approximately all but about 5 feet of the extrusion process. 
Alternatively, ox mcombinstion,^ 
member 1150 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 
30 in the upper end portion of the tubule 
decelerate the mandrel 1105. 
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Referring to Fig. 10f, once the extrusion process is «iwrMH f the 
expandable mandrel 1106 is removed from the wellbare 1000. In a preferred 
embodiment, either before ox after the removal of the expendable mandr el 1105, 
the integrity of the fiuidic seal of the joint between the upper portion of the 
5 tubular member 1110 and the upper portion of the tubular liner 1108 is tested 
using conventional methods. If the fhridic seal of the joint between the upper 
portion of the tabular member 1 1 10 and the upper portion of the tubular Knar 
1008 is satisfactory, then the uncured portion of the material 1160 within the 
exp a nde d tabular member 1110 is then removed in a conventional manner, The 
10 material 1160 within the annular region between the tnhalar mgrnh or 1110 and 
the tubular liner 1008 is then allowed to cure. 

As illustrated in Kg. 1% preferably any remaining cored material 1160 
within the interior of the expanded tubular member 1110 is then removed in a 
conventional manner using a conventional drOl string. The resulting tie-back liner 
15 of casing 1170 includes the expended tubular member 1110 and an outer annular 
layer 1176 of cured material 1160. 

As illustrated in Fig. 10g, the remaining bottom portion of the apparatus 
1100 comprising the shoe 1115 and packer 1155 is t frf»i preferably removed by 
drilling out the shoe 1115 and packer 1155 using conventional drilling methods 
20 In a particularly p i efe xie d embodiment, the apparatus 1100 incorporates 

the apparatus 900. 

Referring now to Fign HjuI if; an ^iwv^m^ pf an TppmftiB nod method 
for hanging a tubular liner off of an existing wellbore casing will now be described 
As illustrated in Fig. 11a, a wellbore 1200 is positioned in a subterranean 
25 formation 1205. The wellbore 120Q farfndi^ mn fri»tm g «on4^ i *>jfl having 
a tubular casing 1216 and an annular outer layer of cement 1220. 

In order to extend the wellbore 1200 in^ 
a drOl string 1226 is used in a well known nwnniT to drill out material from the 
subterranean formation 1205 to form a new section 12S0. 
30 As illustrated m Fig. lib, an 

in a subterranean formation is then positioned In the new section 1230 of the 
wellbore 100. The apparatus 1300 prafttahfr indndas an expandable mandrel or 
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prig 1305, a tabular member 1310, a shoe 13 15, a Quid passage 1320, a fluid passage 
1330, a fluid passage 1336, seals 1340, a support member 1345, and a wiper plug 
1360. 

The expandable mandrel 1305 is coupled to and supported by the support 
5 member 1345. The expandable mandrel 1305 is preferably adapted to contjollabry 
expand in a radial direction. The expandable mandrel 1305 may comprise any 
number of conventional ^ WTM r cially available expandable mandrels modified in 
accordance with the teachings of the present disclosure. In a preferred 
^mh^immt, thi% expandable maTidnd laofi comprises a hydraulic ftrpwnrimi tool 

10 substantially as disclosed in ILS. Pat No. 5,348,095, the disclosure of which is 
incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

The tubular member 1310 is coupled to and supported by the expandable 
mandrel 1305. The tubular member 1310 is preferably expanded in the radial 

15 direction and extruded of! of the expandable mandrel 1306. The tubular member 
1310 may be fabricated from any number of materials such as, forexample, Oilfield 
Country Tubular Goods (OCTG), 13 chromium steel tubing/casing or plastic 
casing. In a preferred embodiment, the tubular member 1310 is fabricated from 
OCTG. The mnerand outer diameters of the t^ularmeniber 1310 niayrarige, for 

20 **mnpitt fatm approximately 0 76 to ^Jm* and l Pfi to 4fl Inches, respectively. 
In a preferr ed embodiment, the inner and outer diameters of the tabular member 
1310 range from about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order 
to pptimalfr pnyyjflr nrir""«l tjjMwpi^gffpri: in the most commonly ennrwintgr ed 
wellbore sizes. 

25 In a preferred embodiment, the tubular member 1310 includes an upper 

portion 1355, an intermediate portion 1360, and a lower portion 1365. In a 
preferred embodiment, the wall thjclmeBfl and outer riinmfttffr of the upper portion 
1355 of the tubular member 1310 range from about 3/8 to 1 V* inches and 3 V* to 
16 inches, respectively. In a preferred embodiment, the wall thickness and outer 

30 diameter of the intermediate portion 1360 ofthe tubular member 1310 range from 
about 0.625 to 0.75 inches and 3 to 19 inches, respectively. In a preferred 
embodiment, the wall thickness and outer diameter of the lower portion 1865 of 
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the tabular member 1310 range from about 3/8 to 1.5 inches and 3.5 to 16 inches, 
respectively - 

In a particularly preferred embodiment, the wall thfrVnm of the 
intermediate sectjanlSSO of the tabular member 1310 fa legs than or equal to t he 
5 wall thickness of the upper and lower sections, 1855 and 1365, of the tubular 
meinbeT 1310 m order to optim^ 

and optimally permit the placement of the apparatus in areas of the wellbore 
having tight clearances. 

The tubular member 1310 preferably comprises a solid member. La a 

10 preferred embodiment, the upper end portion 1865 of the tabular member 1310 
is slotted, perforated, or otherwise modified to catch or abw down the mandrel 
1305 when it c om pl et e s the extrusion of tabular member 1310. In a preferred 
embodiment, the length of the tabular member 1310 is limited to niinimixe the 
possibility of buckling. For typical tabular member 1310 materials, the length of 

15 the tubular member 1310 is preferably limited to between about 40 to 20,000 feet 
in length. 

The shoe 1315 is coupled to the tubular member 1310. The shoe 1315 
preferably includes fluid passages 1330 and 1335. The shoe 1315 may comprise 
any number of conventional oommeroaOy available shoes such as, for example, 
20 Super Seal H float shoe, Super Seal H Down-Jet float shoe or guide ahoe with a 
sealing sleeve for a latch-down plug niodifWra 

the present disclosure. In a preferred embodiment, the shoe 1315 comprises an 

aluminum down-jet guide shoe withe seeling sleeve far aJatch^cw^ 

from Halliburton Energy Services in Dallas, TX, modified in accordaix» with the 

25 t eachings of the pres mt disclosure, in order to optbnally guide the tubular member 
1310 into the wellbore 1200, optimally fhndkjy isolate the interior of the tubular 
member 1810, and optimally permit the complete drill out of the shoe 1815 upon 
the completion of the extrusion and cementing operations. 

In a preferred embodiment, the ahoe 1315 farther memdes cm or more side 

30 outlet ports in fluidic fOTrtTmrmcatioD with the fluid passage 1330, In this manner, 
the shoe 1815 preferably iniecta hardenahl* flpiHt* lir^ nf^a] inttt the rrgitm 
outaide the ahoe 1315 and tubular member 1310. In a preferred embc<liment, the 
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shoe 1315 inclu des the fluid passage 1330 having an inlet geometry that can 
receive a fluidic sealing member. In this manner, the fluid passage 1330 can be 
sealed off by introducing a plug, dart and/or ball sealing elements into the fluid 
passage 1330. 

5 The fluid passage 1320 permits fhiidic materials to be transported to and 
from the interior region of the tubular member 1310 below the expendable 
mandrel 1305. The fluid passage 1320 is coupled to and positioned within the 
support member 1345 and the expandable mandrel 1305. The fluid passage 1320 
preferably extends from a position adjacent to the surface to the bottom of the 

10 expandable mandrel 1305. The fluid passage 1320 is jrcferahly portioned alo^ 
a centeriine of the apparatus 1300. The fluid passage 1320 is preferably selected 
to transport materials such as cement, drilling mud, or epcodes at flow rates and 
pressures ranging from about 0 to 3,000 gallonB/EiuxmteaxidO to 9,000 psi in order 
to optimally provide sufficient operating pressures to circulate fluids at 

15 operationally efficient rates. 

The fluid passage 1330 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 13% is coupled to and positioned within the shoe 1315 in fluidic 
communication with the interior region 1370 of the tubular member 1310 below 

20 the expandable mandrel 1305. The fluid passage 1330 preferably has a cross- 
sectional shape that permits a plug, or other shnflar device, to be placed in fluid 
passage 1330 to thereby block further passage of fluidic materials. In this manner, 
the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305 can be fluidicly isolated from the region exterior to the tubular 

25 member 1310. This permits the interior region 1370 of the tulralar member 1310 
below the expandab le mandrel 1305 to be pressurized. The fluid passage 1330 is 
preferably positioned substantially along the centerline of the apparatus 1300. 

The fluid passage 1330 is preferably selected to convey materials such as 
ceme nt ^ drilling mud or epoxies at flow rates and pressures r angin g from about 0 

30 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally fill the nnmilar 
regionbetwecnthe tubular member 1310 and the new section 1230 of the weObore 
1200 with fluidic materials. In a preferred embodiment, the fluid passage 1330 
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includes an inlet geometry that can receive a dart and/or a ball member. 

In this manner, the fhiM passage 13M 

and/or h^n ratingr elements rntft tiif fluid pmsoep 1320. 

The fluid passage 1336 permits fluidic materials to be transported to and 
6 from the region exterior to the tabular member 1310 and shoe 1315. The fluid 
passage 1S36 is coupled to and positioned within the shoe 1315 in fluidic 
commnniratkm with the fluid passage 1330. The fluid passage 1336 is preferably 
positioned substantially along the cenierline oT the apparatus 1300. The fluid 
passage 1335 is pref erah^r selected to convey materia Is such as cement, drilling 
10 mud or epoziaa at flow rates end pressures ranging from about 0 to 3,000 
ganona/minute and 0 to 9,000 pri in aider to optimally fill the annular region 
between the tubular member 1310 and the new section 1230 of the weHbore 1200 
with fluidic materials. 

The seals 1340 are coupled to and supported^ the upper end portion 13M 

15 of the tubular member 1310. The seals 1340 are further positioned on an outer 
surface of the upper end portion 1355 of the tubular member 1310. The seals 1340 
permit the overlapping joint between the lower end portion of the casing 1215 and 
the upper portion 1355 of the tubular member 1310 to be fhudicfy sealed. The 
seals 1340 may comprise any number of conventional commercially available seals 

20 such as, for example, lead, rubber, Teflon, or epoay seals modified in accordance 
with the teachings of the present disclosure. In a preferred embodiment, the seals 
1340 comprise seals molded from Btratalock epoxy available from Halliburton 
Energy Services in Dallas, TX in artier to optimally provide a hydraulic seal in the 
axmulusoftheoverlappmgjoi^^ 

26 to withstand typical tensile and c o mpr essi ve loads. 

In a preferred embodiment, the seals 1340 are selected to optimally provide 
asufoetentfrictional force to support tabular member 1310 ft— n thv 

existing casing 1215. In a preferred embodiment, the fricttonalforro provided 
the seals 1340 ranges from about 1,000 to 1,000,000 Ibf in order to optimally 

30 support the expanded tubular member 1310. 

The support member 1345 is coupled to the expendable mandrel 1305, 
tubular member 1310, shoe 1315, and seals 1340. The support member 1345 
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preferably comprises an annular member having sufficient strength to carry the 
apparatus 1300 into the new section 1230 of the weDbore 1200. In a preferred 
embodiment, the support member 1845 farther includes one or more conventional 
centralixers (not illustrated) to help stabilixe the tubular member 1310. 

5 In arxrefen^ embodiment, 

prior to assembly to the remaining portions of the apparatus 1300. In Ibis 
manner , the fatrodpetfon of foreign in* tonal into the ajroaratos 1300 isminimized. 
This m inimizes the possibility of foreign material clogging the various flow 
passages and valves of the apparatus 1300 and to ensure that no foreign material 

10 interferes with the expension procesa. 

The wiper plug 1350 is coupled to the mandrel 1306 within the interior 
region 1370 of the tubular member 1310. Tie wiper plug 1350 includes a fluid 
passage 1375 that is coupled to the fluid passage 1320. The wiper plug 1350 may 
comprise one or mere conventional commercially available wiper plugs such as, for 

15 example, Multiple Stage Cementer latch-down plugs, Omega latch-down phigs or 
three-wiper latch-down plug modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the wiper plug 1 350 comprises a 
Multiple Stage Cementer latch-down plug available from Halliburton Energy 
Services in Dallas, TK in a conventional manner for releasable 

20 attachment to the expansion mandrel 1305. 

In a preferred embodiment, before or after positioning the apparatus 1300 
within the new section 1280 of the wellbore 1200, a couple of wellbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 1200 that might dog up the various flow passages and valves of the 

25 apparatus 1300 and to ensure that no foreign material interferes with the 
extension procesa. 

An ffluBtrntcd in Fig 11 c, ft hnnfrnnbU thudic p^Hng material 1380 is than 
pumpod from a surface location into the fluid passage 1320. The material 1380 
then passes from the fluid passage 1320, through the fluid passage 1375, and into 
30 the interior region 1370 of the tubular member 1310 below the expandable 
mandr el 1305. The material 1380 than passes from the interior region 1370 into 
the fluid passage 1330. The material 1380 then exits the apparatus 1300 via the 
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fluid passage 1335 and CDs the annular region 1390 between the exterior of the 
tulralarmamberlSlOandtte 

1200. Continued pumping of the material 1380 causes the material 1380 to 
at least a portion of the annular region 1390. 
5 The material 1380 may be pumped into the annular region 1390 at 
pressures and flow rates rangmg, for example, fr^ 

1,500 gallon a/mm, respectively. In a preferred embodiment, the material 1380 is 

pumped into the nrtnnlnr region 1390 at pressures and flow rates ranging from 

abottt 0 to 5000 pai and 0 to 1,500 ga^ 
10 ffflttaaimular region betw^ 

of the wcUbore IMP with tha Wri#m»hlft rtmdi* aeeHng material iggn 

The hardenable fluidic sealing niaterial 1380maycompriaeanymimberof 

conventional commercially available hgrdenable fluidic sealing materials such as, 

for example, slag mix, cement or epoxy. In a preferred embodiment, the 
15 hardenable fluidic sealing material 1380 comprises blended cements dp»gn«d 

specifically for the well section being drilled and avaflabfef 

Services in order to optimally provide su^ 

displacement of the material 1380 in the annular region 1390. The optimum blend 
of the cement is preferably determined using conventional empirical methods. 
20 The annular region 1390 preferably is filled with the material 1380 in 

BOffldant q»TTififiofl tt\ mm-tr* UpOB Tttfiltl « T?f "TTffT 1 Of the tnbU far Tnftrw)w 

1310, the annular region 1390 of the newseetionl230afthewd 

filled with material 1380. 

As illustrated in Fig. lid, once the annular region 1390 has been adequately 
25 filled with material 1380, a wiper dart 1395, or other snnto 

into the fluid passage 1320. The wiper dart 1395 isr^referab^ pumped throu^i the 

fluid passage 1320 by anon hardenable fhiidkmaterial 1381. The wiper dart 1395 

then preferably engages the wiper plug I860. 

As illustrated in Fig. lie, in a preferred embodiment, engagement of the 
30 wiper dart 1395 with the wiperphig 1350 causesthe wiper phig 1350 to decouple 

from the mandrel 1305. The wiper dart 1395 and wiper plug 1 350 then preferably 

will lodge in the fluid passage 1330, thereby blocking fluid flow through the fluid 



passage 1330, and Guididy isolating the interior region 1370 of the tubular 
member 1310 from the annular region, 1390. In a preferred embodiment, the non 
bardenable fluidic material 1381 is then pumped into the interior region 1370 
causing the interior region 1370 to pressurize. Once the interior region 1370 

6 becomes sufficiently prewurired, the tubular member 1310 is extruded off of the 
expandable mandrel 1305. Daring the extrusion process, the expandable mandrel 
1305 is raised out of the expanded portion of the tubular member 1310 by the 
support member 1345. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 

10 introducing the wiper dart 1395 into the fluid passage 1320 at a surface location 
in a conventional manner. The wiper dart 1395 may comprise any number of 
conventional conimerdally available devices from pmgginga thud passage caches, 
for example, Multiple Stage Cementer latch-down plugs, Omega latch-down plugs 
or three wiper latch-down pmg/dart modified in accordance with the teach m g s of 

15 the present disclosure. In a preferred frnihodhnent, the wiper dart 1395 comprises 
a three wiper latch-down plug modified to latch and seal in the Multiple Stage 
Cementer latch down plug 1350, The three wiper latch-down plug is available 
from Halliburton Energy Services m Dalles, TX 

After blocking the fluid passage 1330 usmgthewii»pl«g 1330 and w^» 

20 dart 1895. the non bardenable fluidic material 1381 may be pumped into the 
interior region 1370 at pressures and flow rates ranging, for example, from 
approximately 0 to 6000 pal and 0 to 1,500 gallons/mm in order to optimally 
extrude the tubular member 1310 off of the mandrel 1305, In this manner, the 
amount of hardenable fluidic material within the interior of the tubular member 

25 1310 is minimised. 

In a preferred embodiment, after blocking the fluid passage 1330, the non 
hardenable fluidic material 1381 is preferably pumped into the interior region 
1370 at pressures and ibw rates ran^ 

40 to 3,000 gallons/mm in order to optimally provide operating pressures to 
80 the expansion process at rates aufncient to permit adjustment! to be 

made in operating parameters during the extrusion process. 
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For typical tubular members 1310, the extrusion of the tubular member 
1310 off of the expandable mandrel 1305 win begin when the pressure of the 
interior region 1370 reaches, for example, approximately 500 to 9,000 psL In a 
preferred emb odi ment , the extrusion of the tubular member 1310 off of the 
5 expandable mandrel 1305 is a Amotion of the tubular member diameter, wall 
thickness of the tubular member, geometry of the mandrel, the type of hibrio^ 
the composition of the shoe and tabular member, and the yield strength of the 
tubular member. Hie optimum flow rate and operating pressures are preferably 
determined using conventional em pir i ca l methods. 
10 During the ertnuim process, the expandable mandrrf 1305 nuy be raised 
out of the expanded portion of the tubular number 1310 at rates ranging for 
example, from about 0 to 6 ft/sec. Ina preferi edembodimm^ Airing th»»r*rn^ft Tt 
process, the expandable mandrel 1305 may be raised out ofthe expanded portion 
of the tubular member 1310 at rates ranging from about 0 to 2 ft/sec in order to 
15 optimally provide an efficient process, optimally permit operator a4fu5tment of 
operation parameters, and ensure optimal completion of the extrusion process 
before curing of the material 1380. 

When the upper end portion 1355 of the tubular member 1310 is extruded 
off of the expandable mandrel 1305, the outer surface ofthe upper end portion 
20 1355 ofthe tubular member 1310 

tower end portion ofthe casing 1216 to torn an fhiid tight overlapping jo^ The 
contact pressure of the overlapping joint may range, for example, from 
approximately 50 to 20,000 psL In a preferred embodiment;^ 
of the overlapping joint ranges from approximately 400 to 10,000 psi in order to 
25 optimally provide contact nreasnra suffciimt to man™ immW »p»i;n g -n^ p"?TYitte 
enough resistance to withstand typical tenaOe and compressive loads. In a 
particularly preferred emhodimpnt, the seeling members 1340 will ensure an 
adequate fluidic and gaseous seal in the overlapping joint 

In a preferred embodiment, the operating iHeaeure and flow rate of the nra 
30 har danahleflu id fcmat e ri aliaa^ 
mandrel 1305 reaches the upp^ 

In this manner, the sudden release of preesure caused by the complete 
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of the t ub" 1 ** member 1310 off of the expandable mandrel 1306 can be minimized. 
In a preferred embodiment, the operating pressure is reduced in a substantially 
linear fashion from 100% to about 10% during the end of the extrusion process 
beginning when the mandrel 1305 has completed approximately all but about 5 
5 feet of the extrusion process. 

AttfflTffltrVttfr,ttrrT f^M" 1 *™", » *hnrk flhaorfrer is provided in the rapport 
member 1345 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 
10 in the upper end portion 1366 of the tabular niember 1310 m order toe 
least decelerate the mandrel 1305. 

Once the extrusion process is completed, the expandable mandrel 1305 is 
remored from the weUbore 1200. In a preferred embodiment, either before 
the removal of thee 

15 overlapping joint between the upper portion 1355 of the tubular member 1310 and 
the lower portion of the casing 1215 is tested using conventional methods. If the 
fluidic seal of the overlapping joint between the upper portion 1355 of the tubular 
member 1310 and the lower portion of the casing 1215 is satisfactory, then the 
uneured portion of the material 1380 within the erpimded tubular member 1310 
20 la then TWPfTYPd in a iw^inTti^pp* ™iwn«r The material 1380 within t he angular 
region 1390 is then allowed to cure. 

As illustrated in Fig. llf, preferably any remaining cured material 1380 
within the interior of the expanded tubular member 1310 is then removed in a 
conventional manner using a conventional drill string. The resulting new section 
25 of casing 1400 includes the expanded tubular member 13 10 and an outer annular 
layer 1405 of cured material 305. The bottom portion of the apparatus 1300 
compriangthe shoe 13X5 may then be removedby dWlixigout the shoe 1315 using 
conventional drill trig methods. 

A method of creating a casing in a borehole located in a subterranean 
30 %nr?Htm fry**— » described that inrhirtftif rr^n^ff » *"hnb«- liner and a mandrel 
in the borehole. A body of lluidic material is then injected into the borehole. The 
tnbiilar liner is then radially expanded by extruding the liner off of the mandreL 



The injecting preferably includes nygtmg « har denab le fhiidic r^t ^ai 
into an annular region located between the borehole and the exterior of the 
tubular liner, and a non hardenan^ 

tubular liner below the mandreL The method preferably includes fluidicry 
5 isolating the annular regkm to 
quantity of the nan hardim a ble sealing material into the interior region. The 
injecting the hardenable fhiidic sealing material is preferably provided at 
operating pressures and flow rates ranging from about 0 to 6000 p 
gaSonafoim. The u^ectmgof the non hardenable fhiidic material is preferably 
10 provided at operating pressu^ 

and 40 to 3,000 g»Tlon«/mfn The injecting of the nop hardenable fhridfc material 
ia preferably provided at re^ 

portion of the extruding. The non hardenahle fhiidic material is preferably 
injected below the mandreL The method preferably i^ 
16 of the tubular liner below the mandreL The region of the tubular liner below the 
mandrel is preferahry pressurized to 
The method preferably mdud<* 

liner from an exterior region of the tubular liner. The method further preferably 
inchidea curing the hardenahte 
20 of the cured wealrngmiterial located within the tabular finer. The method ftrrther 
preferably includes 

The method further preferably indute 

liner and the existmgwellbore casing. The method further preferably includes 
supporting the extruded tubular liner using the overlap with the existing wellbore 
25 casing. The method further preferably tadnto 

the overlap between the tubular liner and the existing wellbore casing. The 
method Anther pr^ 

f h i i dic R^liTigmaterial within tte Themetriodfhrther 
preferably includes lubricating the surface of the mandreL The method further 
30 preferably includes absorbing abodt Tb* method further preferably includes 
catching the mandrel upon the completion of the extruding* 



An apparatus for creating a casing in a borehole located in a subterranean 
formation has been described that includes a support member, a mandrel, a 
tubular member, and a shoe. The support member includes a first fluid passage. 
The mandrel is coupled, to the support member and includes a second fluid passage. 

6 The tabular member is coupled to the mandrel The shoe is coupled to the tobular 
liner and includes a third fhad passage. The first, second and third fluid passages 
are operably coupled. The support member preferably further incl u d e s a pressure 
relief passage, and a flow control valve coupled to the first fluid passage and the 
pressure relief passage. The support member further preferably includes a shock 

10 absorber. The support member preferably inrhxriea one or more sealing members 
adapted to prevent foreign material firon entering an intertoreg^ 
member. The mandrel is preferably expandable. The tubular member is 
preferably fabricated from materials aelecWn^t^ 

Country Tubular Goods, 13 chromium steel tubing/casing, and plastic casing. The 
15 tubular member preferably has inner and outer diameters ranging from about 3 
to 15.5 inches and 3.6 to 16 inches, respectively- The tubular member preferably 
has a plastic yield point ranging from about 40,000 to 135,000 psi The tubular 
member preferably includes one or more sealing members at an end portion. The 
tubular member preferably includes one or more pressure relief botes at an end 
20 portion. The tubular member preferably includes a catching member at an end 
portion for slowing dovmthemandreL The shoe preferably includes an inlet port 
coupled to the third fluid passage, the inlet port adapted to receive a prog for 
bl ocking the inlet port- The shoe preferably is drillable. 

A method of joining a second tubular member to a first tubular member, the 
25 first tubular member having an inner duuneter greater than an outer diameter of 
the second tabular member, has been described that includes positioning a 
mandrel within an interior region of the second tubular member, positioning the 
first and second tubular members in an overlapping r el a tio ns hip , pressurising a 
portion of the ulterior region of the second tubular member, and extruding the 
30 second tubular member off of the mandrel into engagement with the first tubular 
member. The pressurizing of the portion of the interior region of the second 
tubular member is p^ 
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600 to 9,000 psL The pressurizing the portion of the interior region of the 
second tubular member is preferably provided at reduced operating pressures 
during a latter portion of the extruding. The method further preferably includes 
sealing the overlap between The method 

5 farther preferabfcr^ 
the overlap with the second tubular member. The method further preferably 
includes lubricating the surface of the mandrel The method farther preferably 
includes absorbing shock. 

A liner for use in creating a new section of wefibcro casing ina subterranean 
10 formation adjacent to an already existing section of weQbore casing has been 
described that includes an annular member. Tba annular member includes one or 
more seaHng members at in end portion of the annular member t and one or more 
pressure relief passages at an end portion of the annular member. 

A wellbore casing has been described that includes a tubular liner and an 
15 annular body rtacured fluids The tubular liner is formed by the 

process of extruding the tubular liner oflf of a xnandreL The tubular liner is 
preferably fcrmed by the process of placing ti» tubular liner 
the wellbore. and pressurizing an interior portion of the tubular Knar The 
annular body of the cured Guidic sealing material is preferably formed by the 
20 process of injecting a bocfy of haxtta 

region external of the tubular Kner. During the i» + +**"\ 'nv& the interior portion 
of the tubular liner ia preferably fluididy isolated from an exterior portion of the 
tubular liner. The interior portion of the tubular liner is preferably pressurized 
to pressures ranging from about 500 to 9,000 psL The tubular liner preferably 
25 ovtrlape with aix existing wellbore The wellbore casing preferably farther 

includes a Bealrxttitioi^ 

wellbore casing. Tubular liner is preferably supporte d the overlap with t he 
existing wellbore casing. 

A method of repairing an existing section of a wellbore casing within a 
SO borehole has been described that jndodsa instalHnga tabular liner and a mandrel 
within the wellbare casing; h frrHng a ha^y of a material fate the borehole, 
pre ssurising a portion of an interior region of the tubular liner, and radially 
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^rpi»TifHn g the liner in the borehole by extruding the liner off of the mandreL In 
a preferred embodiment, the fl«tifc™»tgrial is selected from the ftroup consisting 
of dag mix, cement, drilling mud, and epoxy. In a pr e fe rre d embodiment, the 
method farthfr wind** fliii«Kr>iy isolating an interior ^ <*fthg tubular liner 
5 from an exterior region of the tabular Uner. In a p r efe rred embodiment, the 
injecira g tfthehxfrtf 

rate* ranging from about 500 to 9,000 psi and 40 to 3,000 gallona/mm. In a 
preferred embodiment, the fa^jectiDgof the bocfyof fluidic nutterial is provided at 
reduced opexatmgpressures and flow rates durmgan end portion of the e^ 
10 fa a preferred embodiment, the fh^ In 
a preferred embodiment, a region of the tubular liner below the mandrel is 
pressurized, fa a preferred embodiment, to 

mandrel is pressurised to pressures ranging from about 500 to 9,000 psL In a 
preferred embodiment, the method further include* overiapping the tubular liner 
15 with ttr* ^^g^wllWft casing. In a preferred embodiment, the method further 
includes sealing the interface between the tubular liner and the eri st in g wellbore 
casing, fa a preferred einbodiment, the method further includes supporting the 
extruded tubular liner using the existing wellbore easing, fa a preferred 
embodiment, the xneth^ 
20 interface between the tubular liner and the existing wellbare casing, fa a 
preferred embodiment, method further included lubricating the surface of the 
mandrel In a preferred embodiment, the method further includes abaorbing 
shock, fa a preferred embodiment, the method further includes catching the 
mandr el upon the completion of the extruding, fa a prefer red embodiment, the 
25 method further inrfii<*»* expanding the mandrel in a radial direction. 

A tie-back finer for lining an existing wellbore casing has been described 
that includes a tubular liner and an annular body of a cured fluidic sealing 
material The tubular Hner is formed by the process of e^ 
off of a mandr el The annular body of a cured fluidk sealing niaterial is c 
30 to the tubnlar liner, fa a preferred embodiment, the tabular Imer is formed by the 
process of placing the tubular liner and mandrel within the wellbore, and 
pressurizing an interior portion of the tubular liner. In a preferred embodiment, 
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during the pressurixing, the interior portra 

from an exterior portion of the tubular liner. In a preferred embodiment, the 
interior portion of tbe tubular liner ia 

500 to 9,000 psl In a preferred embodiment, the annular body of a 
5 sealing material is fonned by the process of 

sealing material into an antra brr region hetwftm th* grigfcfny w^lft^^ siting 
the tubular finer. In a preferred embodiment, the tubular liner overlap* with 
another existing wellbore casing. In a preferred iwnhnH^ OT t the tie-back liner 
fUrtber i n cl ude s a seal nositinned in the overlap befcwam tha tnknlar IfrMy >PH j the 
10 other existing weflbore casing. In a preferred embocfiment, tubular liner is 
supported by the overlap with the other existing weffixn* casing. 

An apparatus far expanding a tubular member has been described that 
includes a support member, a mandrel, a tubular member, and a shoe. The 
support member includes a first fluid passage. Hie mandrel is coupled to the 
15 support member. The mandrel include* a second fluid passage operably coupled 
to the firstfluid passage, sn interior portion, and an exterior portion. The interior 
portion ofthe mandrel is drillable. The tubular member is coupled to the mandr el 
The shoe is coupled to the tubular member. The shoe includes a third fluid 
passage operably coupled to the second fluid passage, an interior portion, and an 
20 exterior portion. The interior portion of the shoe is drillahle. Preferably, the 
interior portion ofthe mandrel includes a tubular member and a load bearing 
member. Preferably, the load bearing member comprises a drillable body. 
Preferably, the interior portion of the shoe includes a tabular member, and a load 
bearing member. Preferably, the load bearing number comprises a dr illab le body. 
Preferably, the exterior portion ofthe mandrel comprises an expansion 
Preferabfy, the expand 

consisting of tool steel, titanium, and ceramic Preferably, the expansion cone ha s 
a surface hardness ranging from about 58 to 62RockweHC. Preferably at least a 
portion ofthe apparatus is drillable. 

Althoutfi illustrative embodiments of the invention have been shown and 
described, a wide gangs ofmodifi«itinn j changaa H substitution is TO"+~™pi«tH 
in the foregoing disclosure. In some instances, «ome features of the present 
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invention may be employed without a c or r es po nd in g use of the other features. 
Acrardmgfr,it is appropriate that the appended clato 
in a manner consistent with the scope of the invention. 



Claims 



11. A method of creating a casing in a borehole located in a subterranean 
2 formation, comprising! 

Z installing a tabular liner and a mandrel in the borehole; 

4 injecting floidic material into the borehole; 

5 pressurising a portion of an interior region of the tabular liner; and 

6 radially expanding at least a portion of the liner in the borehole by 

7 extruding at least a portion of the liner off of the mandreL 

12. A method of creating a casing in a borehole located in a section of a 

2 subterranean formation, the borehole having an already existing casing, 

3 QQEBpPSmg# 

4 drilling out a new section of the borehole adjacent to the already existing 
6 casing; 

6 placing a tubular liner and an expandable mandrel into the new aection of 

7 the borehole; 

5 overlapping the tubular liner with the already existing casing; 

9 injecting a hardanable fluidic sealing material into an annular region 

10 between the tabular liner and the new section of the borehole; 

11 ftoidkbr isolating the annular reg 

12 section of the borehole from an interior region of the tubular liner 
IB below the mandrel; 

14 injecting a non hardenahle fhiidk material into the interior region of the 

15 tubular liner below the mandrel; 

16 extruding the tubular liner off of the expandable mandrel; 

17 sealing the overlap between the tabular liner and the already existing 

18 wiffing', 

19 supporting the tubular liner with the overiap with the already existing 

20 casing; 

21 removing the mandrel from the borehole; 
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testing the integrity of the seal of the overlap between the tubular liner and 

the already existing casing; 
removing at least a portion of the hardenabte fluidic sealing material from 

the interior of the tubular liner; 
curing the remaining portions of the fluidic hardenable fluidic sealing 

material; and 

removing at least a portion of the cured fhiidichaidenableBealiiigmate^ 
within the tubular liner. 

An apparatus for pTpnndfng a tubular member, comprising: 

a support member, the support member inductin g a first fluid passage; 

a mandrel coupled to the support member; the mandrel including: 

a second fluid passage; 
a tubular member coupled to the mandrel; and 
a shoe coupled to the tubular liner , the shoe including a thW 
wherein the first, second and third fhud passages are cperably coupled. 

An apparatus for expanding a tubular member, comprising: 
a support member, the support member including: 

a first fluid passage; 

a second fluid passage ; and 

a flow control valve coupled to the first and second fluid passages; 
an expandable mandrel coupled to the support member, the expandable 
mandrel n^hirting a third fluid passage coupled to the first fluid 
passage; 

a tubular member coupled to the mandrel, the tubular member including 

one or more sealing elements; 
a shoe coupled to the tubular member, the shoe including: 

a fourth fluid iwssage coupled to Uie third flnid passage, Omfinirth 

fluid passage adapted to receive a gtop member; and 
one or more exhaust passages coupled to the fourth fhx^ 
injectmgfluidkn^teri^ 
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16 at least one sealing member coupled to the support member, the sealing 

17 member adapted to prevent the entry of foreign material into an 
IS interior region of the tubular member. 

1 5. A methcxi of joiningaaecond tubular 

2 first tabular member having an inner diameter greater than an outer diameter of 

3 the second tubular member, comprising: 

4 positioning a mandrel within an interior region of the second tubular 

5 member; 

6 presauriringapoTtimofthgi 

7 and 

8 extruding the second tabular member off of the mandrel into engagement 

9 with the first tubular member. 

1 6. A tubular liner, comprising: 

2 an annular annular "wmh*r moiintwy 

3 one or more sealing members at an end portion of the annular 

4 member; and 

6 one or more prcssure relief passa^ at an end portion of the annular 

6 member. 

1 7. A weUbore casing; comprising: 

2 a tubular liner, the tubular lmpi> formed by the process of: 

3 extruding the tabular liner off of a mandrel; and 

4 an annular bocfy of a cured fhiidic sealing material coupled to the tubular 

5 liner. 

1 8. A tie-back liner for lining an existing weUbore casing, comprising: 

2 a tubular liner, the tubular liner formed by the process of: 

3 extruding at least a portion 

4 an annular body of a cured fluio* sealing mat^ 

5 liner. 
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An Apparatus for expanding a tubular member, comprising: 

a support member including a first fluid passage; 

a mandrel coupled to the support member, the mandrel including: 

a second fluid passage operably coupled to the first fluid passage; 

an interior portion; and 

an exterior portion; 

wherein the interior portion of the mandrel is drillable; 
an tubular member coupled to the mandrel; and 

a shoe coupled to the tubular member, the shoe including: 

a third fluid passage operably coupled to the second fluid passage; 

an interior portion; and 

an exterior portion; 

wterein the interior portion of the shoe is drillable. 
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